Heat transfer tests on a 0.01-scale Rockwell configuration 3 space shuttle orbiter and tank (37-OT) in the Calspan 48-inch hypersonic shock tunnel (OH12/IH21), volume 1 by Kotch, M.
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HEAT TRANSFER TESTS ON A 0.01-SCALE
 
ROCKWELL CONFIGURATION 3 SPACE SHUTTLE ORBITER AND
 
TANK (37-OT) IN THE CALSPAN 48-INCH
 








This report presents model information and data from wind tunnel tests
 
conducted on 0.01-scale models of the Rockwell Space Shuttle Orbiter and
 
External Tank. These tests were conducted in the Calspan 48" Hypersonic
 
Shock Tunnel to determine heating rates on ascent and re-entry configura­
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A 0.01-scale orbiter/external tank heat transfer model (number 37-0T)
 
was tested in the Calspan 48" Hypersonic Shock Tunnel from October 29
 
through December 15, 1973. The NASA/Rockwell designationfor this test
 
was OH12/IH21, and the Calspan facility test number was 173-100.
 
The purpose of this test was to determine ascent and entry heat trans­
fer rates for the external tank and the Configuration.3 Orbiter over a
 
range of Mach numbers from 6.95 to 19.5 and Reynolds numbers/foot from
 
0-0095 x 106 to 6.5 x I06.. Of particular interest was thedetermination
 
of orbiter wing leading edge heating during entry, with both laminar and
 
turbulent boundary layer conditions.
 
A total of.58 good'program runs was made out of 73 attempts. Fifteen
 
runs were no good because of facility malfunction or off scale heating rate
 








Symbol -Symbol Definition 
b B wing span, inches 
c C local wing chord, inches 
Ch Stanton number 778 qw p U (rH0 - HW) 
h H heat-transfer coefficient, 778 (32.17) q/(rH 
Ibm/ft2 sec 
- Hw), 
H .Enthalpy, ft. lbs/slug 
L L fuselage length, inches 
M MACH Mach number 
OMS Orbital Maneuvering System 
P P Pressure, psia 
P Prandtl number 
r 
q Dynamic pressure, psia 
q QDOT heat transfer rate, BTU/ft2 sec 
RCS reaction control system 
r HAW/HT_ recovery factor 
Re/ft RE/FT Reynolds number per unit length, 
S wing span, inches 
T T temperature, 'R 
t time, seconds 
U velocity, ft/sec 
X X longitudinal distance, inches 




Symbol ymbol Definition 
Z Z vertical distance, inches 
ALPHA angle of ,ttack, deyrees 
BETA angle of sideslip, degrees 
specific heat ratio 
absolute viscosity, slugs/ft-sec 
P density, slugs/ft 3 
PHI Orbiter and external tank fuselage angular 
coordinate, deg. measured clockwise looking 
forward, 0 degrees at bottom centerline 
o nozzle supply conditions 
01 stagnation conditions behind a normal shock 
1 initial driven gas condition 
ms model station 
4 gas conditions behind reflected shock 
i incident shock in driven gas 
ts test section initial conditions. 
w initial conditions at model surface 
free stream or test section conditions 
Haw HAW . adiabatic wall enthalpy 
Ht HT free stream total enthalpy 





















value obtained at stagnation point on a
 
one foot diameter sphere
 
ratio of model heat-transfer coefficient to
 
heat-transfer coefficient of reference sphere
 
for Haw/Ht = X.XXX
 




chordwise location, fraction of local chord
 
longitudinal location, fraction of body length
 
spanwise location, fraction of semi-span
 




Reynolds number per unit length
 
designates the Reynolds number schedule
 






Model 37-OT is a 0.01-scale model of the Space Shuttle configuration
 
3 Orbiter and external tank.constructed of 17-4 PH stainless steel. The
 
orbiter is a sting mounted full-span model, with OMS/RCS pods. The ex­
ternal tank is equipped with removable protuberances (lines and attachment
 
struts) and was mounted on a separate sting which was either coupled with
 
the orbiter sting or mounted separately on the tunnel support fixture.
 
The figures and photographs at the back of this text illustrate orbiter
 
and external tank details. Model 37-OT was designed and built by Grumman
 




Model nomenclature used for the configuration 3'Orbiter and external
 
tank was as follows:
 
B17  Orbiter body 
C7 Canopy 
E22 Elevon 
F5 Body flap 
M4 OMS pod 
R5 - Rudder 
TIO External tank 
T16 External tank without protuberances 
V7 , Vertical tail 
W103  Wing 
Model dimensional data are given inTable III. Table IIoutlines
 
model configurat-ions and tunnel conditions investigated. The following
 






0 = Orbiter = B17 C7 E22 " 5 M4 R5 V7 W103
 
T = external tank = T10
 









Model instrumentation for 37-OT consisted-of 158 thin-film heat
 
transfer gages'. Ninety-eight (98) of these gages were on the orbiter,
 
the remaining sixty (60) were on the external tank. Orbiter and tank
 
gage locations are illustrated in figure 2 and tabulated in Table IV.
 
Photographs in-figure 3 may clarify questions about gauge locations.
 
The thin-film gages consisted of a plaiinum film fused to a pyrex
 
insulating substrate and;protected from the free stream by a thin die­
lectric coating-of magnes-ium fluoride. Transient surface temperature is
 
determined by-miasuring the instantaneous gage resistance change which
 
varied linearly with temperature. An excellent description of thin-film
 
gage theory and operation can be found in Reference 1.
 
Tunnel conditions we-e determined by quick-response pressure trans­
ducers and a .reference stagnation heat-transfer gage.
 
Data acquisition equipment, provided by Calspan,.consisted of the
 
CalspanNAVCOR 48-channel data acquisition system, one 14-channel high­
speed FM tape recorder, ahd twenty-two 2-channel re6ording oscilloscopes.
 
The NAVCOR system-rovided both a temperature and heat-transfer rate
 
history for eaPh-channel, while the oscilloscopes recorded only heat­
transfer rate; This rate was derived from An analog network which con­
verted the gage temperature signal to a heat transfer rate signal. The
 
tape recorder'was used only as a temporary storage of temperature
 
histories and was input into the NAVCOR following each run for a record
 






Additional instrumentation consisted of a tunnel Schlieren photograph
 
system, which provided qualitative flow information for each run. Sample
 






The 48-inch Hypersonic Shock Tunnel (HST) employ a constant-area
 
shock tube with an 8-inch inner diameter. The driver tube is 20 feet long
 
and is externally heated by a resistance heater to temperatures of 14000 R.
 
The driven tube is 50 feet long. The driver gas is generally a mixture of
 
helium and nitrogen with a maximum helium purity of 100% while the driven
 
gas is generally air. Steady-flow test times of duration sufficient to
 
permit accurate measurement of the various parameters of interest are
 
achieved with the tailoied-interface technique.
 




Exit Diameter Test Section 
Nozzle Type in inches Mach Number 
A Contoured 24 5.5 to 8 
D Contoured 48 10 to 16 
E 10-1/2o Semi-angle cone 48 9 to 20 
The contoured nozzles provide parallel flow with no pressure gradients
 
in the streamwise direction for several feet. This is very important since
 
the presence of a streamwise pressure gradient can have a significant
 
effect on model test results. The nozzles employ replaceable throat in­
serts of different diameters so that with the particular-nozzle, the test
 
Mach number can be varied. Test air passes downstream of the test section
 
into a receiver tank of a size sufficient to maintain the desired flow for
 
durations of 5 to 13 milliseconds. All nozzles have been calibrated using
 




TEST FACILITY DESCRIPTION (Concluded)
 
The Test Section is equipped with two 16-inch diameter Schlieren
 






Model 37-OT was mounted via the model sting(s) to-the tunnel support
 
fixture at the tunnel centerline. Instrumentation wiring was routed
 
through the base stings to a tunnel instrumentation patch panel. Figures
 
2a and b show the orbiter alone and the second stage configuration in­
stallations, respectively.
 
A typical test procedure was as follows:
 
1. 	Set model angles-of-attack, if necessary.
 
2. 	Install-tunnel diaphrams and proper tunnel nozzle orifice.
 
3. 	Evacuate test section, set instrumentation gains and calibrate
 
oscilloscopes from beating rate estimates, and check gage re­
sistances for weak or damaged gages.
 




5. 	Load driver to proper mixture and pressure for test conditions.
 
6. 	Fire tunnel fdr run.
 
7. 	Evacuate test section for post-run gage checks, then bring test
 
section to atmosphere and break tunnel joints. :Read out data.
 







Data for this- test werereduced according to standard Calspan data
 
reduction procedures. NAVCOR recordings and Polaroid film oscilloscope
 
records of heat transfer rates were made available after each run' Fol­
lowing the test, all data records were read and assembled for ,computer­
ized data reduction.
 
This report contains a listing of heat transfer coefficient H/HREF
 
and heat transfer tate QDOT. H/HREF values are presented for three' re­
covery factors r = .85, .9 and 1.0. Plotted data illustrate the effect
 
of recovery factor, angle of attack and Reynolds number on heat transfer.
 
the postscript on RN/L indicates the Reynolds number scbedule defined by
 
table I. Heat transfer changes between undisturbed and mated configura­
tions is illustrated by HI/HU plots. The plotted and tabulated data are
 






* 	 Plots showing the effect of recovery
 
factor on orbiter and external tank
 




Figure 4 through Figure 17
 
Plots showing the effect of angle of
 
attack and Reynolds number on the
 
undisturbed orbiter heat transfer
 








3 Tabular listing of source data 




orbiter fuselage B 1 
orbiter wing W 75 
orbiter vertical tail V 180 
orbiter wing leading edge 
(see Detail A fig. 2b) 
A 219 
orbiter wing leading edge 
(see Detail B fig. 2b) 
C 254 
external tank T 323 
QDOT - heat transfer rate is arranged 
in the same manner 365-512 
* 	 The fourth character in each dataset identifier (i.e., RUGBXX, B for 
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TEST : OH-12, IH-21 'DATE : 5/3/74 
TEST CONDITIONS 
REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATUR
MACH NUMBER (per unt length) (1/f t (pounds/sq. inch) (degrees Rankine) 
5575
6.95 	 0.10 x 106 1.35 

7.6 	 1.19 x 106 2.75 2000
 
7.9 	 6.5 x 106 10.2 1550
 
8,0 	 1,.19 x 106 3.22 2600
 6
10.2 	 2.0 x 10O 4.03 2725
 
6
10.5 	 0.86 x 10O 2.71 3200
 
6
12.0(sch 1) 0.20 x 10O 0.73 3925
 
12,O(sch 3) 0.86 x 106 0.26 3475
 
6
15.6(sch 1) 0.035 x 	 10O 0.07 3650 
15.6(sch 3) 0.20 x 10O6 0.36 	 3500
 
18.5 ,.0095 x 	106 0.01l7 4400
 
19.5 	 0.035 x 10O6 0.065 4650
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TEST: 0/-/2 IA'12? DATA SET/RUN NUMBER COLLATION SUMMARY DATE: 6 - 7. , 
NO. MACH NUMMBERS ( OR ALTERNATE INOEPEIENT VARIASCHD. ARAMETERS/VALUESDATA SET 

IDNTFIR CONFIGURATION OF .~& __
IDENTIFIER A RUNS 0,- 7.- -/0'- /2.. 
RUC-ooI " do 54 73 4.37-Y I 2 4q 
02 -- T-- 5 T ... 50 
03 :37T-NP o I I I 51 
Ol 3 7 0 /3-0P•, .3
05 37 O-l- a0__'I 
-_ _ 
C" "h
__ _2 _ 
07 "570 0 5 E3 5, 4z 41 
___ _ .5__ _____ I 4o { 
oq /0 43 
o 1 7 26/0E5 5 57- 4 a,'II 30 -- G11 (02,Z 46(a 
___ __Zo 7 765214 46 47 
____213 Z523_ 
I 37-OT o 3 79;-, 

125 5 - 0 L'11 513 5.
 
/7 .5, -0 - 69 
7 13 19 25 31 37 43 49 55 61 67 75 76 




NP deores ET w"Aout prolhberoce 
4*" Momial Values-c,c"r i'idSvidal runs - ov ValIes 
Table III Model Dimensional Data 
MODEL COMPONENT BODY - B 1 7 
GENERAL DESCRIPTION : Fuselage, 3 configuration, lightweight orbiter 
MODELSCALIE: 0.010 
DRAWING NUMBER: VL70-000139 
DIMENSIONS FULL SCALE MODEL SCALE 
Length ; In. 1290.3 12.903 
MaxWidth , In. 267.6 . 2.676 
Max Depths In. 244.5 2.445 
Fineness Ratio 4,822 4.822 
F t Area - _ 






Table III (Cont'd) 
MODEL COMPONENT CANOPY - C7 
GENERAL DESCRIPTION Configuration 3 
MODEL SCALE:- 0.010 
DRAWING NUMBER: VL70-000139 
DIMENSIONS : FULL SCALE MODEL SCALE 















Table III (Cont'd) 
MODEL COMPONENT: ELEVON - E22 
GENERAL DESCRIPTION: Configuration 3. Data for 1 of Z sides. 
MODEL SCALE: o10 
DRAWING NUMBER: VL70-O00;139 
DIMENSIONS: - FULL-SCALE MODEL SCALE 
Area - Ftz 205.52 0.0206 
Span (equivalent) In. 353.34 3.533 
Inb'd equivalent chord, In - 114.78 -1.148 
Outb'd equivalent chord , In. 55.00 0.550 
Ratio rovablei'srface chord/ 
total surface chord 
At Inb'd equiv. chord 0.208 o.208 
At Outb!d equiv. chord 0.400 0.400 
Sweep Back Angles, degrees 
Leading Edge 0.00 0.00 
Tailing-Edge -10.24 -10.24 
Hingeline'--
(Product of area & c) 
0.00 0.00 





Table III (Cont'd) 






DIMENSIONS FULL SCALE MODEL SCALE 
Length In.. 





















MODEL COMPONENT OMS POD - N4 
GENERAL DESCRIPTION : Configuration 3 
NOTE: Identical to I 3 , except inte section to fuselaae. 
MODEL SCALE: 0. 010 
DRAWING NUMBER: VL70- 000139 
DIMENSIONS FULL SCALE MODEL SCALE 
Length , In. 346.0 3. 460 
Max Width , In. 108.0 1.080
 
















GENERAL DESCRIPTION: Configuration 2A, 3, 3A and 140A/Bl 
MODEL SCALE: 0. 010 
DRAWING NUMBER: VL70-000146A, -000095, -000139 
DIMENSIONS: FULL-SCALE MODEL SCALE 
Area - Ft 
Span (equivalent) , In. 
Inb'd equivalent chord, In. 
Outb'd equivalent chord, In. 
Ratio movable surface chord/ 
total surface chord 
At Inb'dequiv. chord 
At Outb'd equiv.chord 
Sweep Back Angles, degrees 
Leading Edge 
Tailing Edge 
Hingeltne o(Pfroduct of area & c) 
Area Moment (NoanAxtmtxbgex3dnme) , 
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-Table III (Cont'd) 
MODEL COMPONENT EXTERNAL TANK - T10 
GENERAL DESCRIPTION External oxvyen-hydrogen tank, configuration 3 
MODELSCALE: 0.010 
DRAWING NUMBER: \VL72- 000088, VL78-000041 
DIMENSIONS FULL SCALE MODEL SCALE 
Length (Nose at XT = 309) 1865.0 18. 650. 
Max Width (Dia. ), In. 324.00 3.240 
Max Depth 








W. P. of Tank Centerline (X T), In. 400.0 4.00 
29 
ul 01h 
Table III (G6nt'd) 
MODEL COMPONENT EXTERNAL TANK - TI6 
GENERAL DESCRIPTION External oxygen-h3;drogen tank. Has a 2416­
inch 	r-adius secant ogive nose. 
MODEL SGALE: 0. 010 
DRAWING NUMBER: SS-A01167 
DIMENSIONS 	 FULL SCALE MODEL SCALE 
Length, In. (Nose At XT = 276) 1898.0 18.980 
Max Width 324.0 3.240 
Max Depth 













W.P. of tank centerline (Zr), In. 400.0 4.00 
L.E. nose radius 	 16.5 0. i65 
Origin 	of 2416" radius at 2231 from
 





Table III (Cont'd)' 
MODEL COMPONENT: VERTICAL - V 7 
GENERAL DESCRIPTION: Centerline vertical tail. doublewedee airfoil with 
rounded leading edge. 
NOTE: Same as V i but with manipulator housing removed. 
MODEL SCALE: 0.010 
VL70-000139DRAWING NUMBER: 









Span (Theo) - In. 315 72 3. 157 
1. 75 1.675Aspect Ratio 
0.507 -0.507Rate of Taper 
Taper Ratio. 0.404 0.404 
Sweep-Back Angles, Degrees. 
45. 000Leading Edge 45.000 
26.Z49
Trailing Edge 26.249 

41, 1300.25 Element Line 41,130 
Chords: 
Root (Theo) ;PP 268.50 Z.685 
Tip (Theo) WE 108.47 1,085 
.199.31 1.9.98
MAC 
Pus. Sta..of .25 MAC 1463.50 14.635 
635.5Z2 6.355W.P. of .25 MAC 
0.00 0.00B.L. of .25 MAC 
Airfoil Sebt on 
Leading Wedge Angle - Deg. 10.00 10. 00 
Trailing Wedge Antle - Deg. 14.9Z0 14.920 









Table IIi ( Coni 'd) 
MODEL :OMPONE.T: WING-W , 
.-ENERA'.. Gonfiguration 3 orbiter wing.DESCR:iOI0: 
NOTE: Same planform as W.,R except dihedral at trailihg'edge. 
MODEL SCALE 0010 , 
DWG. NO. AVL70-000139TEST NO. 
DIMENSIONS: FULL-SCALE MODEL SCALE
 





Span (Theo In. 9___8_9.3"6 
Aspect Ratio _Z 2 2654 .2-25 

Rate of Taper-,,7 _ _ 
Taper Ratio 0 200 0.200 
Dihedral Mgle'. degrees 3!00 3,500 
Inc;dence Angl' ,.degrees 3.000 3.000 
Aerodynamic Twist, degrees - T. 000 3.000 
Sweep Back Angles, degrees
 
Leading Edge 45. 000 45.000
 
Trailing Edge 1 _
 
0.25 Element Line -- -
Chords: 
Root (The) B.P.O.O. 689.24 6.89Z 
Ti, (Theo) B.P. J2T._____M c 474.1H4. "9 
us. Sta.-of .Z5 MAC 839-Tfl'7W 

W.P. of .25 MAC 2,992
 
B.L. of .25 MAC 8Z, 131 
*EXPOSED DATA 2 
Ft2Area mTao) 17.5Z.49 175 
Span, CTheo) In.BP108" 7 68 7.207 
Aspect Rati6 ' 5__ Z.058 
Taper Ratio, 0.245 0.245 
Chords 
Root BP108 56Z.40 5. 624' 
Tip 1.00b 771 
MAC 393.03 3.930 
Fus. Sta. of .25 MAC 1185.31 - 11.853 
W.P. of .25 MAC 300.20 3,00
 
B.L. of .25 MAC Z 
Airfoil Section (Rockwell Mod NASA) " 
- XXXX-64 
Root b 0.10 0.10
 
Tip b 0.12 0. 1z 




_Planform Area Ct2 
Leading Edge Intersects Fus M. L. @ Sta 5! -5" 60 




HEAT TRANSFER GAGE LOCATIONS 
ORBITER (Loins = 12.903) 
FUSELAGE ORBITE WING LOWER SURFACE 
GAGE X,/Lom Xor ACTUAL DEE A L GAGE DESIRED ACTUAL DESIRED ACTUAL 
(FROM NOSE) Xom V Yom..s NO. Dom . 1 (FROMNOSE) om, Ylit "omt 
0 0 0 0 I 012 51§1 1 171 1 159 
. 0.005 065 066 I 012 44 64 42 1.156 
3 ] 002 .259 249 012 451 7.44 1.161404 516 539 o20 !7'24 . 00 79 0 46 9032 9040 1.166 
5~~~~~1 0056__ 4100 .77424' h 710 1183 9 
- 0.08 I 1032 1051, 019 4 1613 ! 11615 1.171 1.163 
7,O I 1.290 , 4 1,867 
0.12 .54La3 1.8 019 50 110322 10322 17371.871 
5 0 1.B1831 1 ,~---- 51 12027 12025 83 1 1186714 
11 02650 )27 2.,. 2 8399 8407 1.i22421I2337 
009 52 
10 . .16 2065 2.078 1016 8 8 24 3 
11 ,0.20 2680 1 2 578 
12 I 0,25 J 3,226 I 2221 0323. 102 2008 94 
13 330 3873 0055 112 1 3 ' 12 2.341 
14 I 0.35 4.516 1 4520 006 55 11211 11219 I 234 2 ,341 
16 1504 ,161 5 172 I56 9500 .9499 2810 2.804.40 8 1 5728 6 006 57 J 10322 10322 I 2.8042529 658 10940 I 10941 2.810 2.811 
17 0.60 7452 A695 0012020 59 12018 2810
,0 ,038729 798 006 .- 6 -I 0322 10321 ,3513 3510 
w20 60.80 1I322 004 62 1I24 i 1149 3.51 1 3507 
2 100 1613 12607- 63 10,172 10145 3981 3972 
22 1.00 12903 12907 010 0 
° 0 10 3981 3967[00323 387 .0163910 ..391 0166 
24 006 774 780 i014 65 8520 8,S 1.73 1854 
25 0.09 1.161 1 171 1 004 -66 10658 I N .3 I 
26 0.12S 1013 1623 .0os 
-. _______ 1123 444 4448TI 
28 0130 2323 2333 .007 
29 0160 2065 2067 00 WING LEADING EDGE 
30 0170 2194 2200 o94 
I- z32 070 9032 9023 0 .0 1100GENO DSID ACUL-q3 0
33j4 CI2O1, 10290 ,31.284 - '..569.3 0 GG O EIE CUL q "UqZ
 
354 0208. 3 69-7 Y . 1 171 % - 5.259 30 0 - 1 615 
-36 0.40 5161 151 500 494 71-72 X - 5160 X = 5.16437677,7 5 06,4
I- 33 -,3  6508 
7576 X - 7.742 X = 7.153080 10322 10.323 500 .497 ­
77.73 Y - 2.342 Y - 2.351 6.353 
VERTICAL TAIL 79-86- Y. - 2.810 V - 2.823 8.sor 
89-90 VYo 3.513 Y 3.517 
GAGE IDFSIRED ACTUAL 9198" Yo - 39
NO.9  zom, Zoms01 99 -38 f 36096 101-102 Yo0 . 4.449 V * 4.4M 10.57739 60Row 6091 
40 6961 6970 'GAGE RU BERS 87. 88 & 99.100 WERE NOT 
41 7867 7861 FABRICATED BECAUSE OF SPACE LIMITATIONS. 
I 42 a17 B* 
Table IV. (Conl'd) 
TANK (Ltms = 18.650) 
CAGE XmsLtm, Xmt ACTUAL 
NO. (FROM NOSE) x ' 
103 O.00 0 0 ­
104 .005 080 .076 220 
105 01 186 .196 199 
106 04 .746 .760 180 
107 08 1 492 1 498 
28022.798108 15 
109 .20 3.730 3744
-10 21 3917 3932 180 
1_ . 746 740 0 
112 25 4663 4686 180 
113 35 6528 6545 
114 375 6.994 7009 
t15 40 7.460 7478 
116 425 7.926 7.953 
117 .45 8393 8414 
118 7475 8859 8 877 
119 - 50 9.325 9.341 160 
120 3:43 6397 6407 225 
121 55 In 258 10271 180 
22 475 7572 7590 193 
123 .60 11190 11215 180 
124 .65 12 123 12.145
 
125 70 13 055 13083
 
126 RO 14.920 14940
 
127 .90 1785 16 818 
129 937 17475 17458 iso 
129 .406 7572 7.594 167 
130 .15 2798 2 OO 0 
131 44 8206 8-223 199 
132 08 1.492 1492 0 
133 475 8859 8871 199 
134 50 9325 9335 199. 
135 90 16 785 "16.796 199 ­
136 40 1.460 7464 221.5 
137 50 9 326 9 344­
138 60 11190 11.205 
139 70 13055 13073 
140 80 14920 14940
 
141 85 15 853 15882
 
142 .90 16785 16.818 221 
143 825 15386 15386 214. 
144 85 15.853 15874 
145 875 16319 1-5339 
146 90 16785 16.805 
147 .925 17.251 17.280 
148 960 17.904 17902 241. 
149 .85 15853 15874 247.5 
150 90 16.785 16.795 2475 
151 * 20 3730 3.729 270. 
152 40 7.460 7.465­
153 .50 9325 9322 
154 .60 11 190 11 200 
155 70 13055 13066 
156- 80 14 920 14930 
157 90 16785 16810 270. 
-158 60 11190 11 196 315 
159 80 14920 14930 315. 
16 40 7460 7.459 0 
1- - .60 11190 11191 0 
162 80 14920 14.94 0 
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a. Model 37-T. Instrumentation Locations 
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Figue2 - oncude.­
b. 37-0 Instrumentation Locations 
Figure 2. - Concluded. 
37
 
a. Installation of model 37-0 - Orbiter Alone 
Figure 3.- Model photographs. 
b. Installation of Model 37-OT - Orbiter/Tank
 




- Orbiter Top View 
Figure 3. - Continued. 
O0 
d.mn trumentation - Orbiter Bottom Surface
 




e. Instrumentation - Orbiter Nose and Canopy
 





f. Instrumentation - Orbiter Wing Leading Edge 
Figure 3. - Continued. 




h. Instrumentation - Tank Nose
 
Figure 3. - Continued.
 
i. Instrumentation - Tank Forward Attachment Strut
 




j. Instrumentation - Tank Aft Attachment Struts - Side View 
Figure 3. - Continued. 
105 
k. Instrumentation - Tank Aft Attachment Struts - Top View 
Figure 3. - Continued. 
1. Sample Schlieren, Tank Alone, Run 4, a = 0*, M = 6.99, Re/ft = 0.12 x 10 
Figure 3. - Continued. 
C, 
m. Sample Schlieren, Orbiter Alone, Run 25, a = 30, M = 7.92, Re/ft = 7.55 x 106
 
Figure 3. - Continued.
 
00 
n. Sample Schlteren, Orbiter/Tank, Run 27, a = 0% M = 7.61, Re/ft = 1.20 x 106 
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SYMBOL HAW/HT PH[ MACH 
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OHI2/1H21 (CAL HST 173-100) 37 T TANK (SUGTOI) 
SYMBOL HAV/HT PHI MACH PARAMETRIC VALUES 
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OH12/IH21 (CAL HST 173-100) 37 T TANK (SUGTOI)
 
SYMB. IAW/HT PHI MACH PARAMETRIC VALUES 
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LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 
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LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 
FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/Ll ALPHA 0 
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OH12/IH21 (CAL HST 173-1003 37 T TANK (SUGTOL)
 
SYMBOL , HAW/HT PHI MACH PARAETRIC VALUES 
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m -. -. 0 .2. 61. . . 
LONGITUDINAL LOCATION AS A FRACTION OF 600Y LENGTH, X/L
 




OH12/iH2i (CAL HST 173-100) 37 T TANK (SUGTOI)
 
SYMBOL AWv/HT PH: MACH PARA&TRIC VALUES 
0 .850 315.000 7.618 ALPHA .000 BETA .000 
o 900 .. 
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0H12/IH2I (CAL HST 173-100) 37 T TANK (SUGTOI)
 
SYMBOL HAV/HT PI MACH PARAMETRIC VALUES 
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SYMBOL HAW/HT PHI MACH 	 PARAMETRIC VALUES 
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0H12/IH21 (CAL HST 173-l00) 
SYMBOL. HAy/HT PHI MACH 
O .850 241.000 15.990o3 .9:0o0 amOD 
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PARAMETRIC VALUES 
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FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/LI ALPHA = 0 
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OH12/IH2i (CAL HST 173-100) 
SYMBOL HAW/T PHI MACH 
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LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 





OH12/IH21 (CAL HST 173-100) 37 T TANK (SUGTOI) 
SYMBOL HAW/NT PHI MACH PARAMETRIC VALUES 
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0H12/1H21 (CAL HST 173-100) 37 T TANK [SUGTOI) 
SYMBOL HAY/HT PHI MACH PARAMETRIC VALUES 
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LONGITUDINAL LOCATION AS A FRACTION OR BODY LENG H. XIL
 
FIG. 4 EFFECT CF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/LI ALPHA :0
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OH12/IH21 CCAL HST 173-I00) 37 T TANK (SUGTOI) 
SYMOt HAW/HT PHI MACH PARAMETRIC VALUES 
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LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 
FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E.TANK HEAT TRANSFER RN/LI ALPHA 0 
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LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 
FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RNILI ALPHA =0 
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SYMBOL HAWNT P14? MACH PARAMETRIC VALUES 
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OH12/IH21 (CAL HST 173-100) 37 T TANK CSUGTOI)
 
SYMBOL HAW/HT PHI MACH PARAMETRIC VALUES 
o .850 270.000 18.370 ALPdA .000 BETA .000 o] .3000 .
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FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E.TANK HEAT TRANSFER RN/LI ALPHA = 0 
PAGE 31
 
OH12/IH21 (CAL HST 173-100IJ 37 T TANK (SUGTO1) 
SYMBOL HAV/RT PHI MACH PARAMETRIC VALUES 
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OH12/1H21 (CAL HST 173-100) 37 0 T TANK (RUGT05) 
SYMBOL HPW/HT PHI MAC" PARAMETRIC VALUES 
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-j 4 - , 
~~~-.4001 -.2 .........24,G,8!.... ....................... O1 .2.
LONGITUDINAL LOCATION AS A FRACTION BODY LENGTH. X/L
 




OH12/1H21 (CAL HST 173-100) 
SflSx HAW/HT PI MACH 





37 0 T TANK 
.......... ... .... ., 
(RUGT05) 
PARAMETRIC VALUES 

















.0 0 ...... L............
-.4 0 .2 .4 .6 .8 .0 1.2 1.4 
LONGITUDINAL LOCATION AS A RACTION OF BODY LENGTH, X/L 
FIG. 4 EFFECT OF RECOVERY FACTOR ON IHE E. TANK HEAT TRANSFER RNILI ALPHA =0 
PAGE 59 
-------------------------
- - - - - - ---
OH12/IH21 (CAL HST 173-100) 37 0 T TANK (RUGT05)
 
SYMBOL HAV/WT P41 PACW PARAMETRIC VALUES 




- - ]1- -!I
 
















U)-4 - .2. .-. . . .
 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 




OHI12/IH21 CCAL HST 173-100) 37 0 T TANK (RUGT05)
 
SYMBOL HAW/MT PHI MACH PARAMETR, VALUES 
0 .850 241.000 12.170 ALPHA .000 BETA .000 
o .900 
0 1.000 
"1. . ............ .. ... . i ..



























-.4 -.2 0 .2 .4 . .8 1.0 1.2 1.4
 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 
t - . 0 0 1 i w . ... 




0H12/IH21 (CAL HST 173-100) 37 0 T TANK (RUGT05)
 
SYMBoL HAW/4T PHI MACH PARAMETRIC VALUES
























001I ... t USu... , .... a ui ............ ~ U iL s4.. i,. a ....... .. ..
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-.4 -. 2 0.2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 




OH12/IH21 (CAL HST 173-100) 37 0 T TANK (RUGTO5)
 
SYfIft HA/HT PT1 MACH PARAMETRIC VALUES 




U I co .... "!,""". ..."''.... .l.0 ....  ' " .......... .. .I. 

m m t i *-T m l l f IiIIfl 71. 0 -- ll lmr[Il --

















0 .4 -.2 0 .2 .4 " L8 I 1 .0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 











OH12/IH21 (CAL HST 
HAW'HT PH41 PACN 
.850 315.000 lB.17O 
.$00 
1.000 
173-100) 37 0 T TANK CRUGTO5) 
PARAMETRIC VALUES 
ALPHA .000 BETA .000 
1I.0 0 0 ... ~...... ........ .. .. i" 
1 1 
z 











LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 





OH2/IH21 (CAL HST 173-100) 
FAV/HT PHI MACH 
.95 .000 19.9w 
.900 
37 0 T TANK CRUGT05) 
ALPHA 
PARAMETRIC VALUES 










LL.100 -- - - -
.<1 .2... .00 . 1 2, 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 
FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/LI ALPHA =0 
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0H12/IH21 (CAL HST 173-I00) 37 0 T TANK (RUGT05)
 
SYMBOL RAWIT PHI MACH PARAETRIC VALUES 




1.0 o.. .o.. . ..... .





























.001 .... LW... 11 tl ,,.,...,,LL......... ,
 
x -.4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 












OH12/1H21 (CAL HST 173-100) 37 0 T TANK (RUGT05) 
HAy/HT PHI MACH PARAMETRIC VALUES 
.8m0 199.000 18.950 ALPHA .000 BETA .000 
.900
.OO 

















- - - - - -
I T 
-. 0 .2 .4 .6 
IL*L I• L AA L ~ ~ JL M t~ L I M ~ 'L 
LOGIUDNA LOAINA RCIN BD 
FIG.4 EFEC OF ECOERYFACOR O TH E.TANKHEA 
8101.. 






















0 0 BETA .000 
IL 
w1 








<L .01 1 
I-.4 
FIG. 
-,2 0 .2 .4-8--.O,2 
LONGITUDINAL LOCATION AS A FRATS NO BOD L TH, X/L 





OH12/IH21 (CAL HST 173-100) 37 0 T TANK CRUGTOS) 
SYMBOL HAW/HT PHI MACH. PARAMETRIC VALUES 
o .850 241.000 18.950 ALPHA .000 BETA .0 
0 .90 
InI. 


















LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 






SVM80 HAW.WT PH8 













'CAL HST 173-100) 37 0 T TANK tRUGT05) 
MACH PARAM TRIC VALUES 














-. 4 -. 2 0 .2 .4 .6 .8 I.0 1.2 1.4 
LONGITUDINAL LOCATION AS.A FRACTION OF BODY LENGTH, X/L 




OH12/IH21 (CAL HST 173-100) 37 0 T TANK (RUGT05)
 
SYMOL HAV/HT PHI HACH PARAMETRIC VALUES
 
0 .S 270.000 18.910 ALPHA .000 9ETA .000. 
o .900
 















-. 2. .81 01. .Or .4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 



















.000 BETA .000 













<:-.4 -. 2 0 ,2.4 .6 .8 1 .0 1.2 1.,4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 
FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSER RN/Ll ALPHA =0 
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0H12 + IH21 MODEL 37 OTCO5)/T(OI) TANK (IUGT05)
 
SYMBOL HAW/HT PHI MACH PARArETRIC VALUES 
0 .900 .000 7.000 ALPHA .000 BETA .000 
I 
100. 




< 10 .0 : :
 











j ± I*J*j ii I. ll ii , 14±11 41 ,tll 113 111 IILW 14 t±L lit-IIIt I* UtI Ut, f LW I 1411A1 -1I iUJ, l U LW 41,41411 
V -.4 -2 0 .2 .4 .6 .8 1.0 1 .2 1.4 
V LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 
FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E.TANK HEAT TRANSFER RN/LI ALPHA 0
 
Er PAGE 73 
SYMBOL 
0 
OH!2 IH21 MODEL 37 
HAW/HT PHI MACH 
.900 180.000 7.000 
OT(05)/T(01) TANK (UGTO5) 
ALPHA 
PARAMETRIC V'LUES 
























L, .. . .. ±lL-IA~ 
0 
a W L 
.2 
"L L J 
.'4 
L W U. 
.6 
ILUlLMW~li 
.8 JZL1.0 41 L 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 





0H12 + iH21 MODEL 37 
HAV/HT PI MACH 
.900 199.000 7.000 
OT(O'3)/T(01) TANK (IUGTO5) 
ALPHA 
PARAMETRIC VALUES 













LOGIUDNA LOCTIO AS ARCINO OYLNT ,X/

-. 4 -1 1 2 -2.4.1  







2 -I 2 4. ,8IO1. . 
P FIG,4 EFFECT OF RECOVERY FACTOR ON THE F. TANK HEAT TRANSFER RN/LI ALPHA =0 
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OH12 + IH21 MODEL 37 OT(05)/TCO1) TANK (IUG 05) 
SYMSB0 HAy/MT PHI MACH PARAIETRIC VALUES 










... ........... L.......! ........ . .... . . ..













-., -. 2 0 .2 .4 .6 .8 1.0 1.2 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 





0H12 I12 MODEL 37 OT(05)/T(CI) TANK CIUGT05) 
SYMBOL HAy/HT PHI 'AcU 0 APA'ETRJC VALUES 
0 .900 241.000 7.000 ALPHA .000 BETA .00 














LOGTDIA OCTO AS A FRCINO 
'FRCVR FATO -N4 HEF TAK 











-1OF REOVR FATO 
~~~ '77-I] 









OH12 + IH21 MODEL 37 OTCO5)/T(0i) TANK (IUGT05) 
SYMBOL HAW/HT P1I MACH PARAMETRIC VALUES 
0 .900 247.000 7.000 ALPHA .000 BEIA .000 
X
 


















0 -. 4 -. 2 0 .2 .4 .6.1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 













OH12 + IH21 RODEL 37 
HAVWNT PHI , Cp 














0 -.4 - ,2 a .2 .4 .6 .8 I1.0 1.2 1 .4 
CD LONOITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. XIL 






0H12 + IH21 MODEL 37 
HAV/NT PHI MACH 
So0 315.00 7.000 
OTtO5)/T(Ol) TANK (IUGTO5) 
ALPHA 
PARAHTRIC VALUES 












0 -.4 -. 2 0 .2 - .4 .6 .8 1.0 1.2 1.4 
o LONGITUDINAL LOCATION AS.A FRACTION OF BODY-,LENGTH, X/L
 




0H12 + IH21 MODEL 37 OTCOJ/TC01) TANK CIUGT05) 
SYMBOL HAW/HT PHI MACH PARAMETRIC VALUES 
0 .O0 .000 7.b10 ALPHA .000 BETA .000 
I


















.4 - .2 0 .2 .4 .6 .8 1,0 1.2 1.4LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 
FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/LI ALPHA = 0 
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0H12 + IH21 MODEL 37 OT(05)/T(O) TANK (IUGT05)
 
SYMBOL NAW/HT PHI MACH PARAMETRIC VALUES
 
0 .900 180.000 7.610 ALPHA .000 BETA .000
 





















I-Of -- I 
PAG 8 
o-.4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 




0H12 - IH2! MODEL 37 jT(03)/T(O1) TANK (JUGT05)
 
SYMOL HAW/T PHI MACU PARAYETRIC VALUES
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FIG -. 0 .2 .c.6mzc. ~r.4 .c221 1r 






OH12 IH21 MODEL 27 OT(05X1[01C TANK (iUGT05)
 
SY? & MAWMT PHI MACH PARAMETRIC VALUES 
0 .900 221.000 7.610 AL-HA .CO0 BETA .000 
Z2) 
I 









-I. 4 -. 
LOGTUIA LOATO 
.2 .4. 
AS A FRCINO OD 




I-. FIG 4 EFEC OF REOVR FATRO H\.TN ETTASE NL LH 
w I 
I,. 
S IG LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L





0H12 i MODEL 37 TANK (IUGT05)
!H21 OTC05)/TCOI) 

SYMBOL NAV/HT PHI PACH PARAWEtRIC VALU2ES 
0 .900 241.CC0 7.610 ALPHA .000 BETA .000
 
I 
100 .0 z.. I.... W r r.. ... .. .. .. .. I 
I-. 
 I 1.11 
















Liiz . ' -. 2.4. X .81.L. 

z 
LONGITUDINAL LOCATION AS A FRACTION OF GOODY LENGTH. X/L
 




OH12 + IH21 MODEL 37 
HAW/HI PHI MACH 
.900 247.000 7.S10 
OTCO5)/TCOI) TANK (:UG-o5) 
ALPHA 
PARAMETRIC VALUES 
.000 BETA .000 
















-. 2 O, 










0H12 + IH21 MODEL 37 OTC05)/T(01) TANK (IUGTO5)
 
SYMBOL HAV/HT PHI MACH PARAMETRIC VALUES 
0 .900 270.000 7.610 ALPHA .000 BETA .000 









Z 10.0 ! I
 
U 1.0-------------- --- -- - . I-...------... 
L" 
-.- 2 0 i0-. -------------------- ----








L.* L U S. .U U L. U i 2 Li ± S [ i UiLi 4 iI I I 42 1± S i''14 ±4 I. ii 4 44U) I14U i. 
o -. 4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 




O-i2 + IH21 MODEL 37 OTO5N/TI) rANK (IUGTO5) 
SYM8Ot HAI T PHI MACH PARAMETRIC VALUES 
0 .900 315.000 7.910 ALPHA .000 BETA .000 
I 














z 1 .0-0 
.4 - 2 





o LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 






0H12 + IH21 MODEL 37 
HAW/HT PHI MACH 
.900 .000 18.300 
OTCO)I/TCo) TANK (IUGTO5) 
ALPHA 
PARAMETRIC VALUES 




























o -.4 -.2 0 .2 .4 .6 .8 1.0 1.2 1.4 
FGLONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 
M- FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/LI ALPHA 0 
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OH12 + iH21 MODEL 37 OT(05)/TEO) TANK rIUGTO5)
 
SYMBOL HAV/HT PHI MACH PARAMETRIC VALUES 
0 .900 180.o0 18.300 ALPHA .000 BETA .00 





















Ui. -. .- 1. 
.8 1. 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 
-.4 .2 0 .2 .4 .S 1.0 4 




0H12 + IH21 MODEL 37 OT(O5)/T(01) TANK (IUGSTO5)
 
SymBo, HAW/HT PHI -ACH PARAsETRIC VALUES 
0 .900 198.000 18.300 Al-HA .000 BETA .000 
. 






I I A 
< 10.0-­
cI u 
-C - ----- -U 
z l.0- ­of! JIE 









0LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, 

FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E.TANK HEAT TRANSFER RN/LI ALPHA = 0 
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OH12 + IH21 MODEL 37 OT1O5)/TCOI) TANK CIUGT05)
 
SYHSOt NAVA/T PH! MACH PARAMETRIC VALUES 
0 .900 221.000 18,300 ALPHA .X00 ETA .000 
I 
1 0 0 .... . .... 
 . . .. . .
 
zW .... 





- , , ,

-C 




S-.4 -. 2 0.2 .4 .s .81 .0 1 .2 1.4 
~LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 
FIG. 4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/LI ALPHA =0 
PAGE 92 
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OH12 1 MODEL 37 TANK (IUGT05)
!H21 OT(05)/,TCOl) 

SYMBOL NAwV/T '41 MACH PARAMETRIC VALUES
 
0 .900 241.000 19.300 ALPHA .000 BETA .000
 
100.0 r r L 1? rn..11 
w 






























0 -.4 -.2 0 .2 .4 .G .8 1.0 1.2 1.4
 
o LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 




OH12 + Il21 MODEL 37 OT(05)/T(01) TANK (IUGT05) 
SYMBOL NAV/H4 Pi rACW PARPYETRIC VALUES 
0 .uO 247.000 18.330 ALPHA .000 BETA .000 
D 
I 





















OH12 + 1H21 MODEL 37 OT(05/T(OJ1 TANK (IUGTO5) 
SYML HAW/HT PHI MACH IARArETRIC VALUES
 
0 .300 270.000 18.300 ALPHA .000 BETA .000
 


































.4 .2 0 . 2 .4 .6 ;8 10 1,2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 




0H12 + IH21 MODEL 37 OT(05)/TCOI) TANK {UGTO5)
 
SYMBOL HAV.PT PHI MACH PARAMETRIC VALUES 
0 . 315.000 ALPHA BETA,0O 18,300 .000 .000 
































C1- - - - - - - - - - - - - - - - - - - - ­ - - - - - - - - - - - - - . - - ­0 -
-
- .4 






LONGITUDINAL .6 .SFIG. B 1.0LOCATION 
,AS A FRACTION OF BODY LENGTH. 









0H12 + IH21 MODEL 37 OT(O5)/T(Ol) TANK CIUGTO5)
 
SYMBO. RAW/T PHI MACH 	 PARAMETRIC VALUES
 
0 .900 .000 19.180 	 ALPtA .000 BETA .0w 
I 
100.0 ... ...­10 .	 .... .. ... .... . .. . ........ .T.". . ........... .
 















o 	 .4 -.. 2 4 .6 .8 1.0 1.2 .4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 























-.4 -.2 0 .2 .4 .6 .8 .0 1.2 .4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 
4 EFFECT OF RECOVERY FACTOR ON THE E. TANK HEAT TRANSFER RN/L1 ALPHA =0 
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OH12 + IH21 MODEL 37 OT(O5o/(1) TANK (IUGT05)
 
SYmal HAVAAT PH1 MACH PARAETRIC VALUES0 .90 199.000 19.180 ALPHA .000 BETA .owO
 














0-.4 -. 2 0 ".2 .4 . G .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 




OH12 IH21 MODEL 37 OTCOS)/T(O1) TANK (IUGT05)
 
SYMBOL HAY/HT. PHI MACH PARAFETRIC VALUES 
0 .900 221.COO 19.180 ALPHA .000 BETA .000
 






















FI.4EFETO ECVRI. CAIO ATOtI W1 AS ARCINO ONTEE U J xM W AKHA W1 WL OD EGH iRASE-NL WL WtJLWL jL LH l WL WL 
z I 




LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 
4 EFFECT OF RECOVERY FACTOR ON THE E,TANK HEAT TRANSFER~RN/LI ALPHA =Q 
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OH12 + 121 MODEL 37 OT(05J/T(Ol) TANK (IUGT05) 
SM HAW/MT PHI MACH PARAMETRIC VALUES 
0 .900 241.000 19.190 ALPHA .DO BETA .000 










1.- -. 2----------- 1.0 1.2-1.4
LA-I-I 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 















0''2 -1H21 MODEL 37 OT(O5)/T:n1) TANK (IUGTO5) 
SYMBOL HAW/HT PHI MACH PARAXETRIC VALUES 
0 .900 247.000 19.180 ALPHA .000 BETA .000 
1 0 0 . .. . ... ... .... .... .. . .. ... .. 







- - -- - - - - - - - - - - - .-. 8 ,2. 
o .4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 




0H12 + IH21 MODEL 37 OT(O5)/TCOI) TANK CIUGT05)
 
SYMBOL HAW/HT PHI MACH PARAMETRIC VALUES 
0 .90 270.000 19.190 ALPHA .000 BETA .00 
100O .0 ..,,,.. . ....,,. .. ............. . : . . .. .
...... ...  J . .. 











I11 1 J,L 4I 





-. -. 2 0: .2 .4. 81.01 2 1. 
LL 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 








OH12 + IH21 MODEL 37 
HAW/HT tI MACH 
.900 315.D0D 19.180 
























I ............ ............ ......,  
o-4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 






OH12/1H21 (CAL HST 
HAW/HT PHI MACH 
.850 .000 19.170 
i.00 
173-100) 37 T TANK (RUGT02) 
PARAMETRIC VALUES 
ALPHA 5.000 8ETA .000 
w 













- - - -
81. 







0H12/1H21 (CAL HST 173-100) 37 T TANK CRUGT02)
 
PARAMETRIC VALUES
SYMIX. HAy/my PHI PACH 




































LONGITUDINAL LOCATION AS A FRACTION OF BODY LE H. X/L
 




OH12/IH21 CCAL HST 173-100) 37 T TANK (RUGT02)
 
SYMBOL HAW/HT PHI MACH PARAMETRIC VALUES 



















.. .. . - - . -.. -
-­
.0 0O I .... .... ... .. ............. ...... ... . .. 
-. 4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1 .4 
LONGITUDINAL LOCATION AS A FRACTION OF BOCY LENGTH, X/L 
.  ...  .. ..
.. ..





OH12/IH21 (CAL HST 173-100), 37 T TANK (RUGTO2)
 
SYSO HAW/HT PHI MACH PARAMETRIC VALUES 





LUi:: 1.000 l' rry T~r. mu r n ___m iim
mI ..... . . ....... .... 






















I- i a a t j a us.IL 

LOGIUDNA RCIN FBD -OAINA EGH
 
e:: .4 -. 2 0 . 4 . 8 I. 2 I. 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 





- - - - - - -
OH12/IH21 (CAL HST 173-100) 37 T TANK tRUGTO2)
 
SYM HAW/HT PHI MACH PAqAMETRIC VALUES 



















-. 4 -. 2 0 .2 .4 . 1.0 1 .2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OC BODY NTH /
 
FIG. 5 'EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 5 
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OHI2/1IH21 (CAL HST 173-100) 37 T TANK,' (RUJST2)
 
SYMOL HAW/HT PHi MACN PARAMETRIC VALUES
 







t I I 
IU. 













S.... ............................ . ..
 
-. 4 -. 2 0 .2 .4 .6 .8 1 .0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 




OH12/IH21 (CAL HST 173-100) 37 T TANK CRUGT02) 
SYMBOL HAW/HT PHI MACH PARAMETRIC VALES 
















•.00 1 ..........  ... . .. ..... .

Or 	 -. 4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. XIL 




OH12/IH21 (CAL HST 173-100) 37 T TANK (RUGT02)
 
SYMBOL HAW/HT PHI MACH PARAKETRIC VALUES 
























C-.4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 

















173-100) 37 0 T TANK (RUGTOG) 
PARAMETRIC VALUES 
ALPHA 5.000 BETA .000 
- a 
Ld 






LL .010 , . 
.00- - ---- I i-----
o:-.4 -.2 0 .2 .4 .6 .8 ,0 1.,2 1.4
 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 




01-12/11-121 (CAL HST 173-100) 37 0 T TANK (RUGTOG) 
SYraL HA Y/HT PHI MACH PARAMTRIC VALUES 
0 .850 180.000 18.790 ALPHA 5.000 BETA .000 
o .900 
o 1.000 
3 0 1. 0 . ....... ... 
L 
z I .oo .... ....., .. ..r~ ~ r......... .......................... 




















.D 1 . . ... ... . .... . .. ".h ... ~~ ~ ..... ,~J ............. ............
. h iIL u . J* ~ .. ....... ... LIM 
-.4 -.2 0 .2 .4 .6 .8\ 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY L I X/L 




OHI12/IH21 (CAL HST 173-100) 37 0 T TANK CRUGTOS)
 
SYtME. HAW/HT PHI MACH PARAM.ETRIC VALUES 
0 .850 199.000 18.790 ALPHA 5.000 BETA .000 




















* D fli*0± O.. 4, 114 ± h i 1 4 ± JJ1!0.4411 IU,1±JA tS L h~ h 4 itLL 
a-. .2 O.2 .4 .6 ,8 1 .0 1 .2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 
FIG, 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 5 
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5.000 BETA .OO0 
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C 
-.4 -. 2 0 .2 .4 .6 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 





OH12/IH21 CCAL HST 173-100) 37 0 T TANK CRUGTOG) 
SYMO4 HAWHT PI MACH PARAMETRIC VALUES 
O1: .9S0.300 241.000 18.790 ALPHA 5.00t BETA .000 
0 .0m 
L. 
1000 hi, -n ... ... ........-.................. r .n-1 .... ..













Ir-.4 -. 2 a .2 .,1 .6 .8 T1o0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BoDY LEI iTH. X/L 




OH12/IH21 (CAL HST 173-100) 37 0 T TANK (RUGTOG) 
SYMBOL HAW/HT PHI HACH PARAMETRIC VALUES 
00 .850.900 247.000 18.790 
ALPHA 5.000 BETA .CO0 
o 1.000 
L­

























.4 .2 0 .2 .4 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 
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X 1 .0 00 ... in. .... . .. .....n ui ........ .... ..... ... - ... ..... 




















' ...... .. .. .......... 
- 2 o.2 ,4 .6 .8 1.0 








OH12/1H21 (,CAL HST 173-100) 37 G T TANK (RUGTOG) 







315.000 18.790 ALPHA 5.000 BETA .000 
Li-












u • OIC . -
C 
w 
LL .01 2 . 6. . . .A. 
L.i- 20 2 4.-. 1.-. .
 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 
FIG. 5 EFFECT OF RECOVERY FACTOR ON THlE EXTERNAL TANK HEAT TRANSFER ALPHA 5 
PAGE 120
 
OH12 + IH21 MODEL 37 0T(O6)/T(02) TANK (IUGT06)
 
SYmam HAW/HT PHI MACH PARA ETRIC VALUES 




















LiW i(xLLLU 1 .2! 1 .4 
ULa:
 
I WtIU nU h UU ~ 
o -. 4 -. 2 0 .2 .4 .6 .8 1.0 .2 1.4 
S LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 
FIG. 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 5
PAGE 121
 
DH12 + IH21 MODEL 37 OT06)/TC02) TANK (IUGT0) 
SVM9& HAWVT PHI MACH PARAMETRIC VALUES 
0 .900 I 8O.0D 18.9s0 ALPHA 3.000 BETA .000 
I­

















nL .1 ,0: 
0 
M 
.4 -.2 0 .2 -.4 .6 .B 1.0 1.2 1.4 
0 LONGITUDINAL LOCATION AS A =,ACTION OF BODY LENGTH. X/L 
FIG. 5 EFFECT OF RECOVERY FACTOR ONTHE EXTERNAL TANK HEAT TRANSFER ALPHA = 5 
PAG--- - - - - - - - - - -
--
OH12 + 1H21 MODEL 37 OT(O8)/T(02) TANK CIUGTO6S
 
SYMBOL HAW/HT PHI MACH PARAMETRIC VALUES 
0 .900 199.000 18.980 ALPHA 5.000 BETA .000 


















.4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
SLONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 
~o,- FIG. 5 EFFECT OF RECOVERY FACTOR ON THE EXTERNAL TANK HEAT TRANSFER ALPHA =5 
PAGE 123 
OH12 + IH21 MODEL 37 CTCG)/T(02) TANK CIUGTO6)
 
SYMBOL HAVINT PHI rACH PARAK2TRIC VALUES 
0 .900 221.000 18.980 ALPHA 5.000 BETA .000 
I 
.............. 
I !I I l l 












:U l I l
I- ! 
-.2 04 .2 .4 .6 .8 1.0 1.2 1.4 
C LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 




OH12 + IH21 MODEL 37 OT(O)/T(O2) TANK (IUGTOS3
 
SYBMOL HAW/HT PH I MACH PARAMETRIC VALUES
 
0 .900 241 .000 18.9m ALPA 5.000 BETA OG 
I 
.. .. . ... . . . .. . . .


















LONGITUDINAL LOCATION AS A FRACTION OF BOY LENGTH, X/L
 




OH12 4 121 MODEL 37 OT(O6)/T02) TANK (IUGT06) 
SYM_0L HAW/T PHI MACH PARAPETRIC VALVES 
0 .900 247.000 6B.980 ALPHA 5.000 BETA .000 
I 

















0-.4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 




OH12 + IH21 MODEL. 37 OT(OG)/TC02J TANK (IUGTOG)
 
SY L HFAV/MT PMI MACH PARAMETRIC VALUES 
0 .SCO 270.0CC 18.980 ALPMA 5.000 BETA .0 
100.0 I ..... 



















E3 LOGTDNLLCTO±SAFATO FBD EGH /
 
o -. 4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
S LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 




0H12 + IH21 MOGEL 37 OTCOS)/T(02) TANK CIUGTO6)
 
SYMBOL HAW/HT PHI MACH PARAMETRIC VALUES 
0 .900 315.W0 18.980 ALPHA 5.000 BETA .000 


















LL• ... ...... .. .. ........IL' !....... ... ...... ........ 14, 
0 -.4 -.2 0 .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATIMN AS A FRACTtON OF BODY LENGTH, X/L 
0 FIG. 5 EFFECT OF RECOVERY FACTOR ON THE EXTt-NAL TANK HEAT TRANSFER ALPHA = 5 
trPAGE 128 
- -- -- -- - -- 
OH12/1H21 CC;L HST 173-1001 37 T-NP TANK (RUGT03)
 
SYfMO HAW/HT PHI -ACH PARAMETRIC VALUES 




















o - - - - - - - - - ­
" .00 , ............ ...... .. . I...,+,

-.4 -.2 0 4 .2 .4 - G .2 .4 
S LONGITUDINAL LOCATION AS A FRACTION'OF BODY LENGTH, X/L 
SFIG. 6 EFFECT OF RECOVERY FACTOR ON E.TANK HEAT TRANSFER WITHOUT PROTUBERANCES
 
I' PAGE 129 
OH12/IH21 (CAL HST 173-100) 37 T-NP TANK (RUGT03) 
SYMBOL HAW/nT PHI MACH PARAMETRIC VALUES 
























-.4 -. 2 O .2 .4 .6 .8 I.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 

































1 .0 0 0 
UU-rnl , 
CCAL HST 173-100) 37 T-NP TANK (RUGT03)
 
MACH PARAMETRIC VALUES 
18.430 ALPHA .000 BETA
 
............ .." .. .i . .. . ..
 .. ! " .. ' I I.. .. .... .. ..

rTl.71 I l.l- J[ h f 
II I
 





-.4 -.2 0 .2 .4 .6 .8 .0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 




















... ... . .. .. ......... . ....... .... 
I I I 4 
















.001 .. .. ..... ...... .... i ....­[

-. 4 -. 2 0 .4 G .8 0 1.2 1,4 
LONGITUDINAL LOCATICN AS A FRACTION OF BODY LENGTH, X/L 




OHI12/1H2I (CAL HST 173-100) 37 T-NP TANK (RUGT03) 
SYMBOL HAW/HT PHI MACH PARAMETRIC VALUES 





.... ....... . .. ....... 
.. 



















-.4 -.2 0 .2 .4 ,.81.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 














.000 BETA .000 
o .900 
o 1.000 





In LL Ci , l--





cr-.4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 




OHI12/IH21 (CAL HST 173-100) 37 T-NP TANK CRUGT03)
 
SYMBOL HAW/HT PHI MACH PARAMETRIC VALUES 
o .850 270.000 18.430 ALPHA .000 BETA .000 
0 ,900 
o 2.000 
10 ................' .. ... ... .. .. . .. .





U. 1,, I I IIV)[- .1 O0 I 









-. 4 -. 2 0 .2 .4 .8 1.2 1 .4.6  
LONGITUDINAL LOCATION AS A FRACTION Or BODY LENGTH, Xlt 








OH12/IR21 (CAL HST 
HAW/HT PHI MAH 
.850 315.000 18.430 
.900 
1.000 
173-100) 37 T-NP TANK (RUGT03) 
PARAMETRIC VALUES 
ALPHA .000 BETA .000 
a: 1.000 3 ........ [T.......yi'.'T 
SI" 















.0 0 1 ........ ........ ' 
-.4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 

















173-100) 37 0 T-NP TANK CRUGT04) 
PARAMETRIC VALUES 
ALPHA .000 BETA .000 















. .010- L 
oi - -- Ii
 
LiiI-I 
Of-.4 -. 2 O .2 .4 .6" .8 1.0 1 .2 1 .4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 





OH12/IH21 CCAL HST 173-100) 37 0 T-NP TANK (RUGT04)
 
PARAMETRIC YALUESSYMBOL HAV/WT PHI MACH 

















U]~D - - - -- rC I. 
I-.4 .01 -.2 0......1. ...2..1 .4 - .6 a 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 




























1.0 0 . . 
CCAL HST 173-100) 37 0 T-NP TANK (RUGTO4)
 
MACH PARAHETRI C VALLS 
17.920 ALPHA .000 BETA .000 
.. ........ ... ............ .... . F..I T '" . r tl I.
. t . . .. .......  
















OF REOVR FATO ONE AKHAiRNFR IHU! RTBRNEI 
.< z-.4 -. 2 0 .2 .4 . 8 I. 2 I, 
LONGITUDINAL LOCATION AS A FRACTION OF SCOY LENGTH. X/L 





OHi2/IH21 (CAL HST 
SYmlSGL HAW/HT PHI MACH 




L.U Q~: 1 .0 00 ..... 
173-100) 
... 




ALPA .000 BETA 























... .... ... ,
-. 00 1 ...  ....... .... ... ....... ........... .... lii
 
tk -.4 -.2 0 .2 .4 .6 .8 1.0 1.2 1.4
 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 















173-100) 37 0 T-NP TANK CRUGT04) 
ALPHA 
PARAMETPIC VALUES 
.," BLTA .0 












-. 4 -. 2 O .2 .4 .G .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 




OH12/IH21 (CAL HST 173-100) 37 0 T-NP TANK (RUGTO4)
 
Sy1ma MAV/HT PM MACH PARAMETRIC VALUES 




















.4i - . 0- .2.-6. . . . 
-J 
0 











OH12/1H21 (CAL HST J73-100) 
HAV/HT PHI MACR 
.850 270.000 17.920 
.900 
1.00o 
1 .00 . ....... ...... .......... 
37 0 T-NP TANK 
... . ... 
(RUGTO4) 
PARAMETRIC VALUES 
ALPHA .000 BETA 
















-. 4 -. 2 0 .2 .4 .6 .8 1.0 1 .2 1,.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X41L 















.000 BETA .000 
o .900 
C' 1.000 
Li- I i U,T'rrw T I?'orll~~ 
La 1 .0 0 0 ........ .. ... ...... ... . .. ...... ..... 




















<-.4 -. 2 0.2 .4 G.8 1.0 12 4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 




OH12 + IH21 MODEL 37 OT-NPC4)/T-NPC3) TANK CIUGT04)
 
SYMBOL HAV/Hr P14 MACN PARAMETRIC VALUES
 






















o .4 -. 2 a.2 .4 .6 .8 1.0 1,.2 1 .4 
LONGiTUOINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 







OH12 + IH21 MODEL 37 
HAW/HT PHI MACH 
.900 100.000 18.200 
OT-NPC4)/T-NP(3J TANK (IUGT04) 
PARAMETRIC VALUES 









100 . . ......................  . ........ 
- - - - - - -
[I­10.0 
I II 
.. . .... .......... 
0 
LL 
nIi I ~ -----­
44 
"-.4 -. 2 0 .2 .4 .G .8 1.0 1.2 1.4LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 





OH12 + IH21 MODEL 37 OT-NP(4)/T-NP(3) TANK ,IUGTO4J
 
STNSO4. HA/HT m i MACH PARAMETRIC VALUES 
0 .900 199.00 18.200 ALPHA .000 BETA .000 
'N 



















. -. .2 .4 '8 .8+ 1. . 
CLNIUIA OAION'-AS:A FRC I OFBD GH / 
1107 PAGFI.BEFCTO-EOEY ATRO EIARHA TRANFER ITHU OUERNE
 
PAG [4 
DH12 + IH21 MODEL 37 OT-NPC4)/T-NP(3) TANK CIUGTQ4)
 
SVH83. HAW/HT P1I MACH PARAMETRIC VALUES
 
0 .900 221.000 18.200 ALPHA .00 BETA .000
 
I 


















Li .4 w L .2 4 tU O iU .4L .2U. .4W I U .14V!U.4U tU .8 ID S 1.2 S! .4VA 
a LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 




0H12 + IH21 MODEL 37 CT-NP(4)/T-NPC3) TANK CIUGT04)
 
SYMBOL HAV/HT PHI MACH PARAMETRIC VALUES 
ALPHA .000 BETA .0000 .900 241.000 18.200 
















z III I I 
LU 
z 
LL -.4 -.2 O 0 2 .4 ,8 10.2 1 1 4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 




OH12 + IH21 MODEL 37 OT-NFC4)/T-NP(3) TANK CIUGTO4) 
SYMOL HAY/HT PHI MACH PARAMETRIC VALUES 
0 .90 247.000 I.200 ALPHA .000 BETA .000 


















z 0,J a 
zw





OH12 + IH21 MODEL 37 OT-NP(4)/T-NP(3) TANK (IUGTO4)
 
SYMBl HA /HT PHI MACH PARArETRIC VALUES
 























LI- -. -. -- I .1 .. " . . 1 .4 
Ut i iiL W iW WLiL w t i wLwU'PEWiU wW PAG 1.0 
it * *sitIta i ± P L iU'L)tl L 
LONGITUDINAL-LOCATION A A -RCIO-FBOYLNGH /






OHI2 + IH21 MODEL 37 OT-NPC4)/T-NPC3) TANK (IUGT04)
 
SYMBOL HAW/HIT PHI MACH PARAMETRIC VALUES
 
0 .200 315.000 18.200 ALPHA .000 BETA .000 
I 




















0 -.4 -. 2 0 .2 .4 .G '.8 1.0 1.2 1.4 
oLONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 
FIG. 6 EFFECT OF RECOVERY FACTOR ON E. TANK HEAT TRANSFER WITHOUT PROTUBERANCES 
PAGE 152 
DATA SET SYMBOL 





2HIIH21 (CAL HST 173-l00 




































LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
7 EFFECT OF PROTUBERANCES ON THE EXTERNAL TANK HEAT TRANSFERALH=0 
=18.400 HAWIHT= .850 PHI = .000 PAGE 153 
-- --- 
DATA SET SYMBOL CONFI0UAT1CI DESCRiPTION ALPA BETA 
(RUGTDI ) - H12/IH21 (CAL HST 173-1G) 37 T TAMI .000 .000 
,
(RUGT03) 0 OH12/IH2l fCAL PST 173-100] 37 T-N* TAN .000 .000 
Lw 
::1 .0,0 0 . ........... " 


















-- -01' .. .. 
V" '"
 
-f 2 .4 . 8 1 01 .2 1 .4c .4 LONGITUDINAL LOCAT OIN AS A FRACTION OF BODY LENGTH, 'X/k
 
FIG. 7 EFFECT OF PROTUBERANCES ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 0
 
MACH 18.400 HAW/HT= .850 PHI =180.000 PAGE 154
 
DATA SET SYMOL COCFIGURATION DESCRIPTION ALPHA BETA
 
( ST)i OH'12/IH21 (CAL HST 173-100) 37 T TANK .000 .000
 
(AGT03 U OHI2/IH21 (CAL HST 173-00) 37 T-NP TANK .000 .000
 
Li. 
1. 0 1l... . . ... . ...... ... ..... . ..
1 0 0fni? 9 77 n-n ny n -r -im in rn Itt cmsi i t' ,i 
u-












F ---- iFT 
.0 0 1 .. .. ... . ... .... .,,,,... ...U.,-.4 -.2 2 4 G .8 1.0 1.2 1.4 
LONGITUDINATL LOCATION AS A FRACTION OF BODY LENGTH, X/L 
FIG. 7 EFFECT OF PROTUBERANCES ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 0
 
MACH 18.B400 HAW/HT= .B50 PHI = 199.000 PAGE 155
 





09412/1H21 (CAL MST 173-8CC) 











1.000 .m ...... ..... ,.! .. 















-" .001 " 

c .4 -2 0 .2 .4 .6 .8 i .0 1.2 1 .4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, XIL
 
FIG. 7 EFFECT OF PROTUBERANCES ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 0
 
MACH 18.B400 HAWIHT= .850 PHI ,=221 .000 PAGE 156
 
DATA SET SYl9OL COIIGURATIN DESCRIPTION ALPHA BETA 
fRUGTO I ) O 37 T TANK .000 .0000412/IH21 (CAL HST 173-100) 










_Ll . 00 [ 
LL I t 
'i I L 










.... 1-1 ..J - 1, 440 0 . ... 
-=.4 -2 0.2 .4 8 .8 1.0 1.2 1.4 
LONGITUDINAL'LOCATION AS A FRACTION OF 80 Y8 ENGTH, XIL
 
FIG. 7 EFFECT OF PROTUBERANCES ON THE EXTERNAL TAN1N EAT TRANSFER ALPHA- 0
 
MACH =18.400 HAW/RT= .850 PHI =241 .000 PAGE 157
 
DATA SET SYMhO COFIGURATION DESCRIPTION ALPHA BTA 





















- .2 0 2 o=: .4 XIL 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, 
 ALPHA =0
 
EFFECT OF PROTUBERANCES ON THE EXTERNAL 





PHI = 247.000 

= 18.400 HAW/HT= .50
MACH 

DATA SET SYt t 
(RUGTOI) 0 
( RUTHUJ3 U 
COWIGURATION DESCRIPTICN 
4HI2/IH21 (CAL HST 173-100) 



















Li _ i 
.- .-





(i 00 -, -. 0 .... f2 :4C : 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 
FIG. 7 EFFECT OF PROTUBERANCES ON THE EXTERNAL TANK HEAT TRANSFER- ALPHA = 0 
MACH- = 1B.400 HAW/HTz .850 PH[I = 270.000 PAGE 159 





1I2/IH21 (CAL HST 173-100) 
























1-. . .......- -00 - ..... .... 
-.4 -.2 0 .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 
FIG. 7 EFFECT OF PROTUBERANCES 01N THE EXTERNAL TANK HEAT TRANSFER ALPHA = 0
 
MACH = 18.4C0 HAWIHT= .850 PHI = 315.000 PAGE 1SO
 
DATA SET SYfMBCL . CONFIGURA'ION OESCRIPTICN ALPHA BETA
 
(RUITOI I 0 0NI2 IH2l (CAL MST 173-100) 37 T TAW. .000 .000
 




S .......... . ............. .... ... . .......... .... . ....
...





























.0 0 1 ..Lid"...t.  ..........I  ...... ........ ........... I.. 
-. 4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 
FIG. 7 EFFECT OF PROTUBERANCES ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 0 
MACH = 18.400 HAW/HT= .900 PHI = .000 PAGE 161 
OATA SET SYMBOL CO.WIGURATIOM 1ESCRIPTION 
(RUGTOI ) O012/IH21 (CAL HST 173-1CO) 
























I I. I 
Iw
O01 . .. ..... u-* 
0 f2 .4 .1.0 16 1.2 1.4 
,-- .4-. 4LONGTUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 
FIG. 7 EFFECT OF PROTUBERANCES ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 0
 
MACH =18,400 HAW/HT: .900 PHI '= 18.000 PAGE 162
 
DATA SET SYMBOL CONFIGURATION DESCRIPTION ALPHA BETA 
(R TOI ) 
(RUGT03) a 
OH12/IH21 (CAL NST 173-100) 
















.0100Oalu ...... ...... ...... .. .... .... .. .. ....... .. .............. .... .. 
-. . 
L)L 
y............... .. . .. .. ........ ... ..... 
. .2 -
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTHI,. X/L
 
FIG. 7 EFFECT OF-PROTUBERANCES ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 0
 
MACH = 18.400 HAW/HT= .900 PHI = 199.000 PAGE 163
 
DATA SET SYMBOL CONVIGURATION DESCRIPTION ALPHA BETA
 
CRUSTOI I OH12/IHZI (CAL HST 173-100) 37 T TANK .000 .000
 































0 .2 .4 .6 .8 l.0 1.2 1.4,-, - .4 -2 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 
FIG. 7 EFFECT OF PROTUBERANCES ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 0
 




DATA SET SYMBOL COWIGURATION DESCRIPTION ALPHA BETA
 
(RUGTO I 0HI2/1H21 (CAL HST 173-100) 37 T TAN .Q0O .000
 




::= 	 1.000 








.... .	 .............. ...

"001.- ................ ........... .......... .... 
o -.4 -. 2 0 .2 .4 ,6 81.0 1.2 1.4 
LONGITUDINAL LOCATION. AS A FRACTO OF .ENGTH, X/L..
 
FIG. 7 EFFECT OF PROTUBERANCES ON THE EXTENIAL TAN| EAT TRANSFER ALPHA = 0
 
MACH = 18.400 HAWIHT= .900 PHI = 241.000 PAGE 165
 
DATA SET SYMBOL COWNIGURATION DESCRIPTION ALPHA BETA
 
CRUM]0 ) C i/lH21 (CAL MST 173-100) 37 T TANK .000 .000
 
( 3 a 12/IH21 (CAL HST 173-l1O) 37 T-NP TANK .000 .000
 



















C-) L L 
I INI- I 
Of -. 0. .4 .6 .8 1.0 " .1.2 1.4 
LONMUDIATLLOCATION AS A FRACTION OF BODY LENGTH, X/L
 
FIG. 7 EFFECT OF PROTUBERANCES ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 0
 
MACH = 18.400 HAW/HT= .900 PHI = 247.000 PAGF 166
 
DATA SET SYBO. CONFIGURATION DESCRIPTION ALPHA BETA
 
RUOGTOI a 0H12/IH21 (CAL NST 173-100) 37 T TAM .000 .000
) 

(RUGTO) I U 0H12/IH21 (CAL * T 173-100] 37 T-NP TANK .000 .000
 
U-LU 
.000 r 'r , .-.... ......... .. rr, .rr ... . ~ rr~, m nr ~
 





















cr_ -. 4 -. 2 0 .2 .4 .6 .9 1 .0 1 .2 1 .4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 
FIG. 7 EFFECT OF PROTUBERANCES ON THE EXTERNAL TANK HEAT TRANSFER- ALPHA = 0 
MACH = !8.400 HAW/HT= .900 PHI = 270.000 PAGE 167 
DATA SET SYMBI CONFIGIRATION DESCRIPTICN ALP$A BETA 
(RUtTOI ) C) 0H12/IH21 (CAL HST 173-100) 37 T TAW' .000 .0OO
 




12 1 . 0 ..... .. ...... .. ... ........... ..... ...... ...... .... '7 ff .71
. . . . . 1 .T1 n l f t f t 
W~-~-- -- - - -- - ­E-31 


















MACH = 18.400 HAW/HT= .900 PHI = 315.000 PAGE 1.4 
DATA SET SYHIOL CONFIGURATICN CESCRIPTION ALPHA BETA
 
(RUGTOI ) a 01412/IW21 (CAL HST !73-100) 37 T TANK COO ,000
 
(RUIGTOD3 OH12/IH21 (CAL PST 173-W10) 37 T-NP TANW .000 .coo
 
LU 1.0 00 . ..... .... .. .. .. I 1.......... "' ..... ... ....I
 









C -- - - ­




















.001-ULNTUDINAL. ..1 LOCAT ON AS A FRACTION OF BODYLE-NGTH, XIL 1.2 1.4 
FIG. 7 EFFECT OF PROTUBERANCES ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 0
 
MACH = 18.400 HAW.HT= 1.000 PHI .00O PAGE IG9
 
DATA SET SYMEt0L CDNIGURATION DESCRIPTION ALPHA BETA 
PRUWTO! 0 OIH!2/1H21 (CAL HST 173-I00) 37 T TAM .000 .000 (RUGT03 1 0812/1H21 (CAL IST 173-100) 37 T-NP TAN% .000 .000 
LL 
1 .0 0 0 . . ........... . ... . . .' ......... .... ........
 















,20--..­ , . 4.4. .: _ 0 1. . 
LONITUDINAL LOCATION AS A'RACTION OF BODY LENG X/L
 
FIG. 7 EFFECT OF PROTUBERANCES ON TOE EXTERNAL TANK HEAT TRANSFER ALPHA = 0
 
MACH = '18.400 HAW/HT= 1.000 PHI 180.000 PAGE 170
 
DATA SET SYMBOL COWIGUATION DESCRIPTION ALPHA BETA
 
CRUGTOI ) a 04I2/IH21 (CAL HST 173-100 27 T TANK .000 .00
 





















LU I - ----- - A I--l 
-
-. 2 0 .2 .'4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 
FIG. 7 EFFECT OF PROTUBERANCES ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 0
 
MACH = 18.400 HAW/HTz 1.000 PHI = i99.nnn PAGE 171
 
cc 
DATA SET SYMBOL CONFIGURATION DESCRIPTION ALPHA BETA
 
CRUOTOI C 012/1H21 (CAL ST 173-100) 37 T TAW .000 .000
 








............ ........ . . ......I...... ............. ...... .. .. .. ......
 I- 1 .000 .. .... . . . .  ..  





LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 
FIG. 7 EFFECT OF PROTUBERANCES ON THE EXTERNAL TANK HEAT TRANSFER ALPHA =0
 
MACH = 18.400 HAW/HT= 1.000 PHI = 221.000 PAGE 172
 
DATA SET SYMfiO COW IGURATION DESCRIPTION 
(RtWTOI B0 OH2/IH21 (CAL HST [73-100) 


























-- -.4 0 .2 .4 .6 




FIG. 7 EFFECT Or PROTUBERANCES ON THE EXTERNAL TIAN "EATTRANSFER ALPHA = 0 
MACH =18.400 HAW/14T= 1.onn PHI 2:41 .00f) PAGF 173 
DATA SET SYMBOL CONFIGURATION OESCRIPTION ALPHA BETA
 
(RLGTOI 0 0H12/1H21 (CAL MST 173-1001 37 T TANK .000 .000
 

























'- .0 1 ...... ... .. ... ... ...
..  . 
.4.6 .8 i.0 1.2 1 .4Q- .4 .2 0.2 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, XIL 
FIG. 7 EFFECT OF PROTUBERANCES ON THE EXTERNAL TANK HEAT TRANSFER ALPHA = 0 
MACH = 18.400 HAWIHT= 1.000 PHI = 247000 PAGr 174 




0H12/IH21 (CAL HST 173-100) 












1 .0 0 0 
ut 











r- - .4 -. 2 0 .2 .4 .6 08 10 .2 1.4 
LONGITUDINAI LOCATION AS A FRACTION OF BOD LENGTH, X/L 
FIG. 7 EFFECT OF PROTUBERANCES ON TIHE EXTERNAL TANK HEAT TRANSFER ALPHA = 0
 
MACH =18.400 HAW/HT= 1.000 PHI =270.000 PAGE 175
 
DATA SET SYMBOL COWIGURATION tESCRIPTION ALPHA BETA(RUGTOI 3 0 OH12/IH2] (CAL HST X173-100) 37 T TANK .000 .000

















.0 0 1 . . . . . . . . . . . . . . . . . ,. , .......... . . . . , , . ........... i
: - .4 -2 0 f2. C .rR 8i 1 .2 1 ,.4%
LONGITUDINAL LOCATION AS AAAT N0 BODY LENGTH,*XIL
 
FIG. 7 EFFECT OF PROTUBERANCES ON THE EXTERNAL TANK HEAT TRANSFER 
ALPHA = 0
 
MACH = 18.400 HAW/HT= 1.000 PHI = 315.000 PAGE 176
 
OH12 " IH21 MODEL 37 TCOI)/T-NP(033 TANK CIUGTO1) 
SYMBOL HAW/HT PHI MACH PARAKETRIC VALUES 
















0 -. 4 -. 2 0 .2 .4.6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 




0H12 + IH21 MODEL 37 TCOI)/T-NP(03) TANK CIUGTOI)
 
SYIEU HAy/HT PHI MACH PARAMETRIC VALUES
 
0 .900 160.000 19.400 ALPPA .000 BeTA .000 
X
 
100 .0 ... ......... ........ .... 

































o: -.4 -.2 0 2.4 . 8 O I. .
 
2LONGITUDINAL LOCATION AS A FRACTION OF BOGY? LENGTH. X/L

S FIG. 7 EFFECT OF PROTUBERANCES ON THE EXTERNAL TANK HEAT TRANSFER ALPHA =0
 





0H12 + IH21 MODEL 37 
HAW/HT PI AH 












< 10.0- - - ---­
-­ - - - - ,-- - - -
40 w 
0-.4 -. 2 0 .2 .4 .6 .8 1.0 ~1- 2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 




OH12 + IH21 MODEL 37 
HAW/HT PHI MACH 
.900 221.000 18.400 
T(OI)/T-NP(03) TANK (IUGTOI) 
ALPHA 
PARAMETRIC VALUES 
.000 BETA .0D 
n 
I 
100 . ... ... ..... 
Iii, 















0 	 .4 .2 0 .2 .4 .6 .8 1.0 1, 1.4 
0LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 




OH12 + IH21 MODEL 37 TCOI)/T-NPCO3) TANK CIUGTOI)
 
SYMeOL HAV/HT PHI MACH PARAMETRIC VALUES 
0 .900 241.000 18.400 ALPHA .000 BETA .000 
IM
mO 1 0 0 '. ....... .... ........ ... . .... .. [ .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . .... . . . . .
















C LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 




OH12 + IH21 MODEL 37 TCOI)/T-NP(03) TANK (IUGT0I)
 
SYMol HAw/HT PHI MACH PARAMETRIC VALUES 
0 .900 247.000 ' i8.400 ALPHA .000 BETA .00 
I 





< 10.0 " 
I-
C3 





Li..nh1 i" 1W W lUI LW1 I a' j tw, Ila I Uts41 4 w.w2l uuI tl LW ~ llW U lil U~ a t lWI WI IU W I 
-.4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION Or BODY LENGTH, X/L 




0H12 + IH21 MODEL 37 T(OI)/T-4PC03) TANK (IUGTOI) 
Syr"L HAW/Hr PHI MACH PARAMETRIC VALUES
 
0 .9m 270.000 18.400 ALPHA .000 BETA .000
 

























0 -. 4 -. 2 0 .2 .4 .G .81.0 1,2 1.4 
0 LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, XL 




0H12 + IH21 MODEL 37 TCOI2/T-NP(03) TANK CIUGTOI)
 
SYMBOL HAV/HT PHI MACH PARAMETRIC VALUES 
0 .900 315.000 18.400 ALPHA .000 BETA .000 
ID 














0 -. 4 -. 2 0 .2 .. 6.8 1.0 1.2 1.4 
oLONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 




OH12/IH21 (CAL HST 173-100) 37 0 FUSELAGE (RUGB07)
 
SYSOL HAV/HT PHI MACH PARAMETRIC VALUES 

















< FIG . ETO:EOEYFCTRO H RIE OY ETTASE LH
 
-... . 4, 8 01 2.
 
LONITUINALOATIN A AFRACTION OF BODY LENGTH. X/L
 






OH12/IH21 (CAL HST 173-1001 37 0 FUSELAGE (RUGB07)
 
SYmBOL HAVHIT PHI MACH PARAMETRIC VALUES 
0 .950 25.00 993 ALPHA .0M, BETA .000 





.. ......l i .. I ..........





















~~ . ' '' ............ 

<0 
- ,O~~~~~l '... ....... 

S.4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 




0H12/IH21 (CAL HST 173-100) 37 0 FUSELAGE (RUGB07)
 
SY$Sfl. HA/T PHI MACN PARAMETRIC VALUES 





1 .0 .ti ..... ...........17 . i..
00~~y Ir ..... .. r..~ .i.. ... 
- - - ------ 1 - -- ­
z 
U - - :-- - - - - - - - -- - - - - - - - - - -
W LI•.I.-

E 0 .0 
U 
Lu 









O - .2-- --------------- ll -- - ­
[TL AS ,T , 
F 8 EFC RC E . '
 <i .01
----------------- 1----
H° I f~ iWiS I f. fl L W IL ,U lSILM i WfU1 W W lSL 'IILL iWI A l 
<.00 1 " " . ..' ''".........' .. ..
 
-. 4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATIdN AS A FRACTION OF BODY LENGTH. X/L
 
FIG. 8 EFFECT OF RECOVERY FACTOR ON THE ORBITER BODY HEAT TRANSFER ALPHA =0
 
PAGE 187 


































< -.4 .2 0 .2 .4 .6 .8 1.0 1 2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 


































---­ p---- - - -- - - -
z 
w w,.- - - - - - - -­
w 
< .001 
.4 -. 0 .2. 6. . 2 1. 
LONGITUDINAL LOCATIO1N AS A FRACTION OF BODY LENGTH, X/L
 

























" ... .. ... .... 







-r-- - - -
U I 
., ­
-m -. 4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1 .4 
LONGITUDINAL LOCATION A A FRACTION OF BODY LENGTH. X/L
 




-- ----------------------------- ------ -------
- ---------------------------------------------
OHI2/IH21 (CAL HST 173-100) 37 0 FUSELAGE (RUG07)
 
PARAMETRIC VALUESSYIBOL HAW/HT PHI C4 






















L- -. - -- ----- -----------­
.001 . ... 
-. 4 -. 2 0 .2 .4 .G .8 ' 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 









0H12/IH21 (CAL HqT 173-100) 
HAW/HT PHI 14ACH 
.850 180.000 7.614 
.9 
1.000 
1 .00 0 ...................... 
37 0 FUSELAGE CRUGB07) 
PARAMCTRIC VALUES 















LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 




OH12/IH21 (CAL HST 173-100) 37 0 FUSELAGE (RUGBO7)
 
SYMBOL HAW'8T PHI MACH PARA EtRIC VALUES 




.... ..... ." V.........' ... ... ....
. ....... T . I'' ..... 
.... ..  !....
iLL
 
I 0 i. 1 'r rr i. i r .i 't i..7 Zn 'i mt 'i ii mi : l'i 7, myi, 7% fiiT,'i W rr ; 












-. 4 -. 2 0.2 .4 16..0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 




OH12/IH21 (CAL HST 173-100) 37 0 FUSELAGE (RUGEO7)
 
SYX3L HAV/HT PHI MA PARAMETRIC VALUES
 

















au- .001... - --- ­
- .4 -.2 0 .2 .4 . .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 










OH12/1H21 (CAL HST 173-100) 37 0 FUSEL4GE 
HAW/HT Psl MACH 
.850 30.O IG.OGC 
.00 
* . 0 0U .y ......7 ... .... . . . .. ~f......... .... ... ..... ...... ... .. ... .. 
CRUG807) 
PARAMETRIC VALUES 
ALPHA .000 BETA .oo 












-J -. "--0-.24--' G 81. . . 
FIG. 8 EFFECT OF RECOYFRY FACTOR ON THE ORBITER BODY HEAT TRANSFER ALPHA = 0 
PAGE 195
 






























-:.4 -.2 0 .2 .4 .6 .8 1.0 1 .2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 









(CAL HST 173-100) 
MACH 
18.310 
37 0 FUSELAGE (RUGBO7) 
PARAMETRIC VALUES 
ALPHA .000 BETA .000 
Ll-

























cr .4  I... .....2 0 .2 i.4 .6 .8 1.0 1.2LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. 
1.4
 
FIG. 8 EFFECT OF RECOVERY FACTOR ON THE ORBITER BODY 
X/L
 






OH12/1H21 (CAL HST 173-100) 37 0 FUSELAGE CRUGB07)
 
SYMBOL NAW/HT PHI MACH PARAMETRIC VALUES 








































.4 2s 0.4 .l .8l 1. 1 2.CC1 LWL -. 0 U . 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 




















.000 BETA .000 
1.000 












<A .00O1 *- I ­
0 
-.4 -.2 0 .2 .4 .6 .8 1 .0 I.2 1.4
 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 



































0:-.4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 




0H12/1H21 (CAL HST 173-100) 37 0 FUSELAGE (RUGB07)
 
SYMBOL HAW/HT PHI XAC4 PARAMETRIC VALUES 




w ..... .. .... II .. . .... ...I..W 1 . 00 0 . . ........ " . ......  . .. ...... .





















LONGITUDINAL LOCATION AS A FRACTION OF BOOY LENGTH. X/L
 








OH12/IH21 (CAL HST 173-100) 
HAW/ T PHI MACH 
.850 25.000 19.190 
.900 
1.000 
1.0 00 ......... ......... 
37 0 FUSELAGE (RUGB07) 
PARAMETRIC VALUES 















.0 -.4 n n 1.....................-.2 0 2 .4 G .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH- X/L 
FIG. 8 EFFECT OF RECOVERY FACTOR ON THE ORBITER BODY HEAT TRANSFER ALPHA z 0 
PAGE 202
 
OH12/iR21 (CAL'HST 173-100) 37 0 PUSELAGE CRUGBO7) 
SYMBOL HAV/HT PHI MACH PARAMETRIC VALUES 
o[] .50.900 30.000 19.190 ALPHA .000 BETA 
.000 
0 1.000 
. .. ... i .. ....... .. I ... ... I...
. ..



















00 1 .... ... .... ... .. . ........ .... .... . ...... .... .... .............. 
 .. i ..  ..  L. L ... I  . .  . L....L  .....
 
* -. 4 -. 2 0 .2 .4 .G .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 




OH12/IH21 (CAL HST 173-100) 37 0 FUSELAGE CRUGB07) 
SYMBOL HAW/HT PHI MACH PARAHETRIC VALUrS 




















-. 4 -. 2 0 .2 .4 .G .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, XIL 



















. . .. . .... 
173-100) 
. 
37 0 T 
. ... L 
FUSELAGE CRUGB05) 
PARAMETRIC VALUES 
ALWA .000 BETA 










010 : " 
a.4 -. 2 0 .2 .4 . .8 1.0 
vI 
1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 




0H12/1H21 (CAL HST 1'3-1OO) 37 0 T FUSELAGE (RUGB05)
 
SYMBOL AW/r PHI MACH PARAMETRIC VALUES 





1 . 0 0 0 , . . .. . . . . . .... '........ . ... yr . . r
... .. . . ... .... . ... 
U. .100 
z I I 1 1. 





ULL) - - - - - - - i - - - - - - - - - - - -




-. 4 -. 0 .2. 6 810i. . 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 

































.4 -.2 .2 .4 .6 .8 1.0 1.2 1.4
 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 




OH12/IH21 (CAL HST 173-100) 37 0 T FUSELAGE (RUGBO5)
 
SYMBl HAW/HT PHI MACH PARAMETRIC VALUES
 

























-.4 -.2 0.2 .4 .6 .8 .0 1.2 1.4
 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH.' X/L
 




OH12/IH21 (CAL HST 173-100) 37 0 T FUSELAGE (RUGB05) 
SYSCt.. HAW/T PHI MACN PARAMETRIC VALUES 




















0.4 -. 2 0 .2 .4 .G .8 1.0. 1.2 '.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 




------------------ - - -- - - -- -
-
-----------------------------------------------------------------
OH12/IH21 (CAL HST 173-100) 37 0 T FUSELAGE (RUGB05)
 
SYM8GL HAM/HT PHI MACH PARAMETRIC VALUES
 






























wf -4 -20. 4. 81012 1. 
LOGTDNLLCTOzSAFATO FBD EGH /
 
-
FI.8EFC FRCVR FCO --NTEOBTRBC' ETTASE LH 
OH12/IH21 CCAL HST 173-100) 37 0 T FUSELAGE (RUGB05)
 
SYmBOL HAW/WT PHI MACH PARAMETRIC VALUES
 






























-. -. 2. 6. . . . 
.00
 
a:-.4 -.2 O .2 .4 .6 .8 1.0 1.2 1.4
 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 























Ld I :D 
U-








<-.4 -. 2 0.2 .4 .6 .8 1 .0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 




1 .000 ... .... 
(CAL HST 173-100) 37 0 T FUSELAGE (RUGB05) 
MACH PARAMETRIC VALUES 
7.619 ALPHA .000 BETA .000 
' I7..........T 

OH12/1H21 (CAL HST 173-100) 37 0 T FUSELAGE (RUGB05) 
SYMBOL HAWA-T PHI MACH PARAMETRIC VALUES 
0 .850 .000 18.330 ALPHA .000 BETA .000 
0 .900 o 1.000 
LL­
w 
1.0 0 0 . ... ....... . . . . ........ ..... .. . ......... 
/ { { 






z [ III 







I-IC . £2 
LONGITUDINAL LOCATION AS H X/ 















173-100) 37 0 T FUSELAGE [RUGB05J 
PARAMETRIC VALUES 
ALPHA .o BETA .000 












<-.4 -. 2 0 .2 .8 .O1.2 1 .4 
crLONGITUDINAL LOCAT'ION AS A F BODY LENGTH,1. X/L
 




OH12/IH21 (CAL HST 173-100) 37 0 T FUSELAGE (RUGBO5) 
SYMBOL HAW 'HT PHI MACH PARAMETRIC VALUES 































a: -. 4 -. 2 0.2 .4 .6 .8 1.0 1 .2 1 .4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 





- - - - ----
OH12/IH21 (CAL HST 173-100) 37 0 T FUSELAGE CRUGB05)
 
SY"MO. HAW/HT PHI MACH PARAMETRIC VALUES
 






1.000....... n.... ... .... ......... I"'T "T


























-. 4 -. 2 O .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 










0HI2/IH21 (CAL HST 
HAV/HT PHI MACH 
.950 .000 19.200 
.900 
t.ooo 
o1.0 0 0 ... .. . .... 
173-100) 
... .... 




ALPHA .000 BETA 















I • 2I 4 6 FB I 
LONGITUDINAL LOCATION AS A FRACTl16 BDY LENGTH, X/L
 









(CAL HST 173-100) 
MACH 
19.200 
37 0 T FUSELAGE (RUGBOS) 
PAQAMETRIC VALUES 
ALPHA .000 BETA .000 
ILi 
















cz.4 -. 2 0 .2 .4 
LONGITUDINAL LOCATION AS A FRACT 
FIG. 8 EFFECT OF RECOVERY FACTOR ON THE OB[I 
N OF 90 
1,..0 1.2 1.4 
LENGTH, X/L 
HEAT TRANSFER ALPHA = 0 
PAGE ­ 218 
OH12/IH21 (CAL HST 173-100) 37 0 T FUSELAGE CRUGB05)
 
SY0 HAY/MT PH C20 PARAMETRIC VALUES 

















-. 4 -. 2 0 .2 .4 6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF 800Y LENGTH. X/L
 






OH12/[H21 (CAL HST 173-100) 
HAVf/T PHI MACH 
.850 180.000 19.200 
.900 
1.00 
37 0 T FUSELAGE (RUGBO5) 
PARAMETRIC VALUES 
















, -. 4 -. 2 0.2 .4 .6 .B 1.0 1.2 1 .4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 




0H12 + IH21 MODEL 37 OT(05)/0(07) FUSELAGE (IUGBO5) 
SYM6L AW/HT PHI MACH AQAMETRIC VALUES 
0 .ow0 .000 7.000 ALPHA .000 BETA .000 
m 


















- .4 -. 2 0.2 .4 .G .8 1 .0 1 .2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 




OH12 + IH21 MODEL 37 0T(05)/(O7) FUSELAGE CIUGRO5)
 
SYMBOL HAV/NT PHI MACH PARAMETRIC VALUES 
0 .S0 25.000 7.000 ALPHA .000 BETA .000 
I . 1 ....0 
..." 






















0 -.4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4
 
S FILONGITUDINAL LOCATION AS A FRACTION OF BOOY LENGTH. X/L 
FIG. 8 EFFECT OF RECOVERY FACTOR ON THE ORBITER BODY HEAT TRANSFER ALPHA =0 
PAGE 222
 
OH12 + IH21 MODEL 37 0T(053/0(07) FUSELAGE (IUGO5)
 
SYVSt HAV/HT PHI MACH PARAMETRIC VALUES 
0 .900 30.v00 7.000 ALPHA .000 BETA .000 
I 
m o0 .0 .. ... .....,. ....... ." ...... :... '
 




















-. -.4 2 0 .2.6. 1 01 2 1. 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L'
 





OH12 + IH21 MODEL 37 
HAW/HT PH MACH 
.900 10.000 7.000 
OT(05)/O(07) FUSELAGE (IUGBO5) 
PARAMETRIC VALUES 




























.2 0 .2 .4 .6 .8 1.0 1.2 1.4 
o LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 






OH12 4 TH21 MODEL 37 
HAW/HT PHI MACH 
.900 .000 7.610 
OT(05)/CO07) FUSELAGE CIUGB05) 
PARAMETRIC VALUES 























U -- --.- - - - . - - .4-.- -.-- -.- -1.2 1.4 
~LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 










OT(05)10(07) FUSELAGE (IUG05) 
PARAMETRIC VALUES 


























-. 4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
C LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 




0H12 + IH21 MODEL 37 OT(05)/O(07) FUSELAGE (IUGBO5)] 
SyMBL HAW/HT PHI HACH PARAMETnIC VALUES 


















o 1 .... .. .... .................. ., ... .... . ....... ...........
.... !..,.,.,..,.., 
0 - 4 -2 0 .2 .4 .6 .8 1.0 1.2. 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L.
 




0H12 + 1H21 MODEL 37 OT(05/0(07) FUSELAGE CIUG805)
 
SYli HAVIT PHI MACH PARAMETRIC VALUES 
0 .900 2 o0.000 7.610 ALPHA .00 BETA .000 


















o-4 -.2 0 .2 .4 .G.8 1.0 1.2 1, 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 







OH12 + IH21 MODEL 37 
HAWA/T PHI MACH 
.90 .000 18.00 
OT05)0(07) FUSELAGE CIUG8O5) 
PARAMETRIC VALUES 














0 -. 4 -.2 0 .2, 




FIG. 8 EFFECT OF RECOVERY FACTOR ON T ERBITER BODY HEAT TRANSFER ALPHA = 0 
PAGE 229 
OH12 + IH21 MODEL 37 OT(O5)/O(O7) FUSELAGE CIUGBO5)
 
SYMBOL H4W/HT PHI MACH PARAMETRIC VALUES 
0 .9 25.000 18,300 ALPHA .000 BETA .000 
n ;CO .... .......... ..... .. ..... ..... ......
 
























0-.4 -. 2 0 2 . 8 1B.0 1.2 1.4 
LONGITUDINAL LOCATION AS A RCION OF BODY LENGTH. X/L




0H12 + IH21 MODEL 37 0TC05)/0(07) FUSELAGE (IUGBO5)
 
SYMBOL HAW/H? PHI MACH PARAMETRIC VALUES
 
0 .900 30.000 18.300 ALPHA .000 BETA .000 


















1 -.4 -.2 0.2 .4 .6 .8 1.0 1.2 .4
 
OLONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 







0H12 4-IH21 MODEL 37 
HAV/HT PHI MACH 
.900 180.000 18.300 
OT(05)/0(07J FUSELAGE CIUGB05) 
PARAETRIC VALUES 




















o LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. XIL
 




OH12 + IH21 MODEL 37 OT(05)/0C073 FUSELAGE (IUGC05)
 
SYI9Sot HAVIHT PHI MACH PARAMETRIC VALUES 














-. - 2 .2 I-.-- 4----- -- -- ---










-:: Iq - '----I 
U-- - - -. - - - - - -• 
o -. -2 . .4 .8 10 1. . 
' OD 

8 FECJ EOER ACO O H ORITRBD HETRASRALA 0
 




OH12 + IH21 MODEL 37 OTC05/073 FUSELAGE (IUGBO5)
 
SYMBOL HAW/HT PI MACH PARAMETRIC VALUES 
0 .900 25.000 19.180 ALPHA .000 BETA .000 
I 





















to4 -2 0.z 1.0-1.-1. 
pZF q4
 
a LONGITUDINAL LOCATION AS AFRACTII OF BODY LENGTH, X/L 
,=FIG. 8 EFFECT OF RECOVERY FACTOR ON THE ORBITER BODY HEAT TRANSFER ALPHA = 0
 
00 






























PHI MACH PAqAHETRIC VALUES
 
30.000 1.13 ALPHA .000 BIEA .000
 
... . ... . . ........... .




FIG. 81 a7 m ~ 
C -. 4 -. 2 0 .2 .4 .6 .8 1.0 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 1.2 1.4 
FIG. 8 EFFECT OF RECOVERY FACTOR ON THE ORBITER BODY HEAT TRANSFER ALPHA = 0 
: PAGE 235 
DH12 + IH21 MODEL 37 OTC05)/O(07) FUSELAGE (IUGB05) 
SYP I HFWVHT PHI MACH PARAMETRIC VALUES 





















1 nt U) Mit LLLu i MU iL.I La Wi W L? LU?4LU1 tnt IUS I mi '11 LW U W. .Ui ta IL it US? L i 
-. 4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
FGLONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 





0H12/1H21 (CAL HST 173--100) 
HAW/HT 2Y/B HACH 
.850 .250 G.997
.900 
37 0 WING L.S.(RUGW07) 
PARAHETRIC VALUES 



















- - . . . ..LL .0-. . . ... . . . ... .. - -. .. . . -... -- - .1 .. . . . . .. . . . .. . . . . 
4. 	 0 .2 .4.6 .8 1 .0 1 .2 1.4 
.. CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 








OH12/1H21 (CAL HST 
HAV/Ht y/V MACH 
.950 .400 6.997 
.900 
1.000 
173-100) 37 0 WING'L.S.CrUGWO7) 
PARAMETRIC VALUES 
ALPHA .000 BETA .000 
w 
m 1.OO . .... 
Ni 
















.001 I. I, 
-.4 -.2 0 .2 .4 .6 .8 1.0 1.2 1.4 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD, XlC 
FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER -ALPHA = 0 
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a-.4 0 .2 .4 . -.2 
 .8 1.0 1.2 
 .4
 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING 












CCAL HST 173-100) 37 0 WING L.S.CRUGW07] 
MACH PARAMETRIC VALUES 






LtL .100------------------------------- -­, 
.4 -2 0 .2 .4 .6 .8 1.0 1.2 1.4
-.4 -.2CI-OROWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
 


















.000 BTA .000 

















.0 1 ........ .... ...... ..... ..... ............ .............
.   ..

.4 -.2 0 .2 .4 -- . 1.0 1.2 1.4 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 




OH12/IH21 (CAL HST 173-100) 37 0 WING L.S.(RUGW07) 
SY$SC IAW/HT 2Y/B MACH PARAMETRIC VALUES 






















-.4 -. 2 0 .2 .4 .6 .8 l.0 1.2 1.4 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 
10 0 l 1.....I.....I. ..  . .. ........ ..  .' 














.00 . . . . 









ALPHA .000 BETA 
















0-- .. t r0 
~ 
< .0 2 L A 
1..114 
,o 


















.000 BETA .000 
LL 















0:-.4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C 




OH12/IH21 (CAL HST 173-100) 37 0 WING L.S.CRUGWO7)
 
SYFMl. HAW/HT 2YI MACH PARAMETRIC VALUES
 













































-. 4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C --





OH12/IH21 (CAL HST 173-100) 37 0 WING L.S.(RUGW07)
 
SYMam HAV/T 2Y/9 MACH PARAMETRIC VALUES 




























n na,I-IUSLU U f L W L I lju ut.au i nasU nW I Iana -
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
 
FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0 
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0H12/IH21 (CAL HST 173-100) 37 0 WING L.S-(RUGWO7)
 
SYM OI. HAV/'HT 2Y/B MACH PARAMETRIC VALUES 





1I .0 0 0 ,'.. "'. .. ......... ... I... 1..- ...-...



















. -. 2 0 2 .8 1.0 1 .2 
CIOROWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
 















(CAL HST 173-100) 
MACH 
7.614 
.n.II,c1 r T . ... ...Tr  
37 0 WING L.S.(RUGW07) 
PARAMETRIC VALUES 
ALPHA .000 BETA 














I I t 
0 0 1 .~~~~~~................ . .. .. .. .. . .. .. .. ....
 .  .. .. .. .. .. I.. 
-. 4 -. 2 0 .2 .4 .6 .8 i.0 1.2 1.4 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
 







OH12/121 (CAL HST [73-100) 37 0 WING L.S.CRUGW07) 
HAW/H 2Y/B MACH PARAMETRIC VALUES 






















• O~I ................. 
-4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1,4 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHURO, X/C 
FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0 
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OH12/IH21 (CAL HST 173-100) 37 0 WING L.S.CRUGW07)
 
SYIMCL HAY/NT 2Y/B 




m 1 .0 0 0 ........ .. 
MACH 
1t .080 
......... . ...... .... ... ......... 
PARAMETRIC VALUES 
ALPHA .0!0 BETA .0 
. ........ ................ ... . .... . . 
















S- - a 
I­
-HRIIS LOATO ASAFATONO OA COD 




OH12/IH21 (CAL HST 173-100) 37 0 WING L.S.CRUGW07)
 
-
SYMI M HAvWHT 2u/8 MACH PARAMETRIC VALUES
 



















-.4 .. ......... 0 .2 .4 .6 .8 1.0 1.2
-.2 1.4
 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
 




0H12/IH21 CCAL HST 173-100) 37 0 WING L.S.CRUGW07)
 
SYMBOL HAW/HT 2Y/B rACR PARA ETRIC VALUES
 




LL .. ....... .. . 

.............




















4 ..G .8 I .0 1.2,
--,.4 0 .2 1.4 ALPHA = 0
HEAT TRANSFER
CHORDWISE LOCATION AS A FRACTION 
OF LOCAL CHORD, X/C
 
9 EFFECT OF RECOVERY FACTOR ON 






OHI12/1H21 (CAL HST 173-100) 37 0 WING L.S.(RUGW07)
 
SYMBOL HAW/IHT 2Y/B MACH PARAMETRI C VALUES 






1.D00 .. f.T " I ....... I . . ... . .. f '"n




w .- - - - -------
LL .100-- - - - -- - - -III-- -- -- .- z2 




<J hiLU .01• 
LU 
.4 -.2 a .2 .4 .6 .8 1.0 1-.2 1.4 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C 
FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0" 
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OH12/IH21 (CAL HST 173-100) 37 0 WING L.S.(RUGW07)
 
SYMBOL HAy/HT 2Y/B MACH PARAMETRIC VALUES 
O .850 .950 IS.060 ALPHA .000 BETA .0D [] .9oo
 













u - ­o 
ll
<.001 .'.......Ii ~iJl 
S-.4 -. 2 0.2 84 .6 . 1.0 1.2 1.4 
CHGRDWISE LOCTI SAFRCION LOCAL CHORD, X/C 































OH12/I21 (CAL HST 173--IC00 37 0 WING LS.(RUGW07)
 
HAV/4T 2Y/B tACH PARAHETRIC VALUES 










CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
 








OH12/IH21 (CAL HST 173-100) 
HAW/HT 2y/B MACH 
.850 .400 18.310 
.900 
1.000 
37 0 WING L.S.CRUGW07) 
PARAMETRIC VALUES 

















It -. 4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C-





OH12/IH21 (CAL HST 173-100) 37 0 WING L.S.RUGWO7) 
SYMBOL HPW/HIT 2Y/8 YFAZ PARAMETRIC VALUES 
0[] .850.900 .500 18.310 ALPHA .000 BETA .000 
O 1.000 
LI. 




















' 001 ........... .................. .......... .......................
...  

-. 4 -. 2 0 .2 .4 .6 .8 1 .0 1 .2 1.4
~CHORDWISE LOCA71ON AS A FRACTION OF LOCAL CHORD. X/C
 




OH12/IH21 (CAL HST 173-100) 37 0 WING L.S.CRUGW07)
 
SYM80L HAW/HT 2Y/B MACH PARAMETRIC VALUES 
0 .850 .60 18.310 ALPHA .000 BETA ODO 












0 ------- " ' 
•.010: :" i 
:I 
< .00 
.4 - 20 .2 .4 .6 .8 1.0 1.2 1.1 
CHOROWISE LOCATIO1N AS A FRACTION OF LOCAL CHORD, X/C 










































CHORDWISE LOCATION.AS A FRACTION OF LOCAL CHORD. X/C
FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING 




OHI2/IH21 (CAL HST 173-100) 37 0 WING L.S.(RUGW07)
 
SYMBOL #AW/HT 2Y/B MACH PARAMETRIC VALUES 
0 .850 .950 18.310 ALPHA .000 BETA .000 
0 .900 
o 1.000 
















< .00 - -
I-

CHORUWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
 
FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0 
PAGE 260
 
OH12/IH21 (CAL HST 173-100) 37 0 WING L.S.(RUGW07) 
SYM1M HAW/HT 2Y/B MACH PARAHETRIC VALUES 



























-. 4 -;2 0 .2 .4 .6 .8 1.0 1.2 1.4 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
 

































.0 1 ....... ... 
-.4 -.2 0 .2 .4 .6 .8 1.0 1.2 1.4 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 
FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0 
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OHI2/IH21 (CAL HST 173-100) 37 0 WING L.S.CRUGW07)
 
SYMSOL HAV/HT 2Y/B MACH PARAMETRIC VALUES 





0 0 	.I .. .... . I.0 .. .... . ... . 
I J-I 













wY 	 - --- - +-
z
 





-. 4I -. 0 .2. 6. . . . 
I-i 
I,-- 00O1 .................... "i.. . ... k).. .. k) k - W"".......................... LW.......................... 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C 




OH12/IH21 CAL HST 173-100) 37 0 WING L.S.(RUGW07)
 
SMsEOL HAV/HT 2Y/e MPCH PARAMETIC VALUES 
o .A0 .800 19.190 ALPHA .000 BETA .000 
o] .900 
o I .00o 
LI. 
LU 
















0: -.4 -.2 .2 .6.- .8 1.0 1.2 1.4 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. XIC
 




DH12/IH21 (CAL HST 173-100) 37 0 WING LS.CRUGW07)
 
SYMBOL HAW/YI ZY/B MACH PARAMETRIC VALUES
 






1 .00 0 ... e............... r ......
,  e........ . .. .  ...........
 
I- II iz 
U 




















LL .0 01 I 
-.4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C 









OH12/1H21 (CAL HST 173-100) 
HAW/HT 2Y/ MACH 
.B50 .950 19.190 
.900 
1.000 
37 0 WING L.S.(RUGWO7) 
PARAMETRIC VALUES 













 1. 1 .2 1. 
< 
.2: .: . 
cr .4CHOROWISE LOCATICN AS A FRACTION OF LOCAL CHORD. X/C
 





OH12/IH21 (CAL HST'173-100) 37 0 T WING L.S.RUGW05)
 
SYMBOL HAW/T 2Y/8 MACH PARAMETRIC VILUES 
0 .950 .250 6.939 ALPHA .000 BETA WO 
o .900 
w 



















. O 0 ..... lI.... .... ... ... flll ... . ..... .... ... ;.... ...... ........... ' Ij l l 'I
 
-. 4 -. 2 G .2 .4 .G .8 1.0 1.2 1,4 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 
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-.4 -.2 O .2 .4 .6 .8 1.0 1.2 1.4
 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
 




OH12/IH21 (CAL HST 173-100) 37 0 T WING L.S.(RUGW05)
 
SYIS& HAW/IT 2Y/B MACH 	 PARAMETRIC VALUES 
0 	 .850 .500 8.999 ALPHA .000 BETA .o 
s 
1 .	 . ..... ........
000...... 	 ........  
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w - - - - - - - - - - - - - . - - - - - ­
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L. -.	 . 4. 8 012.
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• 	 .4 -. 2 0 .2 .4 .6 .8 1.0 1.2 4 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C 





SYMBOL. HAW/Hr 2Y/B 








... ..... . .. 
173-100) 37 0 T 
.. .... ........ 
WING L.SCRUGW05) 
PARAMETRIC VALUES 
ALPHA .000 BETA 




















0: .4 -. 2 0.2 .4! .6 .8 1.0 1.2 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C 
1.4 




























W I L 
< 
.001 
r -4 -. 2 cy -.2 .4 .6 .8 1.0 1.2 1.4 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C 




0H12/IH21 (CAL HST 
SYmOL HAW/HT 2Y/B MACH 
0 .850 .250 7.616 
0 .9) . 
o .000 
LI­
a: 1 .0 00=d 
173-100) 37 0 T WING L.SCRUGW5) 
PARAMETRIC VALUES 
ALPHA .000 BETA .000 















.. ... .... .... .. ....... ........ ......
...'

.0 0 1 . ....
 
-. 2 0 .2 .4 .6 .8 1 .O 1.2 1.4c-.4 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
 




OH12/IH21 (CAL HST 173-100) 37 0 T WING L.S.(RUGW05)
 
SYhBOL HAV/HT 2Y/B MACH PARAMETRIC VALUES 






















cr. .20. .4 6.8-0 2 .I­
.00 
-< 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORO, X/C
 




OH12/1H21 (CAL HST 173-100) 37 0 T WING L.S.CRUGW05)
 
SYMBOL HAy/HT 2Y/B VACH PARAMETRIC VALUS 
0 .Smo .500 7.616 ALPMA .000 BETA .000 
o1 .900 
0 1.000 













.4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
CHORDWISE LOCATION AS A FRACTiON OF LOCAL CHORD. X/C 









OHi2/IH21 (CAL HST 173-100) 
HAW/T 2Y/B MACH 
.850 .600 7.616 
.900 
1.000 
37 0 T WING L.S.CRUGW05) 
PARAMETRIC VALUES 


















I-~ O 1 ...... .~ ........ . .............. ................. Lill U.. .... ...... .
~ J 	 ... .  ..... .. 
a: 	 -,4 -.2 0 .2 .4 .6 .8 1.0 I.2 1.4 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 








OH12/IH21 (CAL HST 
HAV/HT 2y/B MACH 
.850 .750 7.616 
.900 
1.000 
173-100) 37 0 T WING L.S.CRUGW05) 
PARAMETRIC VALUES 
ALPHA .000 BETA .000 
LI 



















-. 4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
CHORDWISE LOCATIO N AS A FRACTION OF LOCAL CHORD, X/C 




OH12/IH21 (CAL HST 173-100) 37 0 T WING L.S.CRUGW053
 
SYM t HAW/HT 2Y/B MACH PARAMETRIC VALUES 
0 .850 .95[ 7.6:6 ALPHA .COO BETA .000 
0 .300 
LI.w 
1 . 0 3 . ................ .... .... i
 














L001OTO AS; FRCIN 278 













.250 18.330 ALPHA 
PARAMETRIC VALUES 
.000 BETA .000 
Li. 
w
" x 1 .000 ..... .. .......... 




























0HI2/IH21 (CAL HST 173-100 37 0 T WING L.S.CRUGWOS)
 
SYMBOL HAW/HT 2Y/8 MACH PARAMETRIC VALUES 




























-.4 -.2 0 .2 .4 ., 1.2 1.4
 
CHOROWISE LOCATION AS A FRACTION OFLClC ,XIC
 




OHL2/IH21 (CAL HST 173-100) 37 0 T WING L.S.CRUGW05) 
STM0L HA/HT 2zyB MACH PARAMETRIC VALUES 
0 .85Q .50 18.330 ALPHA .000 BETA Doo 
LI­






















.0 0 1 ...............  .... .. .. .. ..................;  " 
.  Lj
I -. 2 0 .2 .4 .6 .8 1.0 1.2 .4
 
CHORDWISE LOCATION4 AS A FRACTION OF LOCAL CHORD, X/C
 




OH12/1H21 CCAL HST 173-100) 37 0 T WING L.S.CRUGW05) 
SYMBOL HW/HT 2Y/B MACH PARAMETRIC VAUES 
o .850 .60O 16.330 ALPHA .000 BETA .CO 
o 1.000 
Liiw 













-. 4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C 




OH12/IH21 (CAL HST 173-100) 37 0 T WINE L.S.CRUGW05J
 
SYMBOL HAWHT 2Y/B MACH PAAMETRIC VALUES 





.. .. . .[....... . . .. .in. . . .. . ........ T.












CI< 0 0 
-. . 4 6. 1 01.1.(x -. 
-- til S i II ii'i 1 IZ l) MS M iI 
,O00 . ...... ... ......... ""Ui.......i .... ...........................
iii... '"'""'" W
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C
 








































tx .4 -. 2 0 .2 .4 .G .8 1.0 1.2 1.4 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C 






OH12/IH21 (CAL HST 173-100) 37 0 T WING L.S.(RUGW05)
 
SYMOL HAV/HT 2Y/B MACH PARAETRIC VALUES 

























. 1 ---- - -- -- -- ­
-- --- ---------- N.........j
 
~-------0 ,01 ....... ..............................
 
-.4 -.2 0 .2 .4 .8 1.0 1.2 1.4
 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
 




- - - -
- - - -
- - - -
-
OH2/IH21 (CAL HST 173-00) 37 0 T .WING LS.CRUGW05)
 
SYMSOt MAW/Ht 2Y/B MACH PARAMETRIC VALUES 
0 .850 .400 19.200 ALPHA .000 BETA .000 
o .900 
U. ~~~~1 0 0 0 . .. . . . . .. . . . . .. . .. .I.. 
Lii 
















.. I ....l. * T.. ,i....
•.001 .......... 

-. 4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C
 




0H12/IH21 (CAL HST 173-100) 37 0 T WING L.S.CRUGWO5)
 
SYMOOL HAW/HT 2Y/B MACH PARAMETRIC VALUES
 
0 .850 .500 19.200 ALPHA .000 BETA .0m 
o 
LL 
1 .......... . .. . .







LL .100 ' , , 






-. . 2. 6. . 0 1.1. 
.00 i l J L ,J 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
 







OHI12/1H21 (CAL HST 173-100) 
SYMBL IAWHT 2Y/B MACH 
0 .851 .6c 19.20 
0 .900 
o 1.000 
Z1 .0 0 0 .. .... ......... . ..l ........ 
37 0 T 
.. .... ..n r i 
WING L.S.CRUGW05) 
PARAETRIC VALUES 
ALPHA .000 BETA 















- -2 0.. .8 
LLi 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C
 




OH12/IH21 (CAL HST 173-100) 37 0 T WING L.S.(RUGW05) 
SYMBOL HAV/HT 2Y/8 MACH PARAMETRIC VALUES 




2:1 .0 u0 i,,,,............ ,...... .. .'"I.. .. .. .. ... .. .. .. .. .. .. .. .. ..














: -.4 -.2 0 .2 .4 . .8 1.0 1.2 . 
CHOR6W[SE LOCATION AS A FRACTION OF LOCAL CHORD. X/C 










OH12/IH21 (CAL HST 173-100) 
HAW/HT 2Y/9 MACH 
.850 .950 !9.200 
.900 
1.000 
37 0 T WING L.S.CRUGW05) 
PARAMETRIC VALUES 






















-. 4 -. 2 0 .2 .4 .6 .8 "1.0 1.2 1.4 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 
FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 0 
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CH12 + IH21 MODEL 37 OT(05)/o(07) WING L.S. CIUGW05)
 
SYMOJI HAW/HT 2Y/B MACH PARAMETRIC VALUES 
0 .900 .250 7.000 ALPHA .000 BETA .000
 
......- .... ...... ........























.-. 4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4S CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
 




OH12 + IH21 MODEL 37 OT't05)/0(07) WING L.S. CIUGW05) 
SYHBOL HAY/HT 2Y/B MACH PARAKTRIC VALUES
 

















o-.4 -. 2 0 .2 .,B.O1.2 1.4 
oCHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 




OH12 + [H21 MODEL 37 OT(05)/0(07) WING L.S. CIUGWO5)
 
SYMBOL HAW/HT 2Y/B MACH PARAMETRIC VALUES
 
0 .900 .500 7.000 ALPHA .0O BETA .000 
u ............ .... .... ..... ..






















LI E I ........ . .... .. wl ,I..
 
In 




* AJ WS AM I ML 'U A l, L W,, llt MA. ,,Mi L MI W l I tlWLA tll LZ., MS1 tIl L hAMA MAl MIl ...M ,UMA¢ M. II I i l.M tlS M 
O CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C





CH12 + IH21 MODEL 37 OT(05)/0C(07) WING L.S. CIUGW05)
 
SYMBOL HAW/HT 2Y/B MACH PARAMETRIC VALUES 
0 .900 .6c0 7.000 ALPHA .000 BETA .000 
100 .O0 .......1 . . ..... ..... .. F- - .. .. w I. ... i .......




















OH12 + IH21 MODEL 37 OT(05)/OC07) WING L.S. (IUGWO5) 
SYM8OI HAY/HT 2y/8 MACH PARAMETRIC VALUES 
















30. -. 2 0-2 . 6. . . .







-4 -. 2 0.2 .4 .6 .8 1.0 1.2 1.4 
FI.CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C
 




OH12 + IH21 MODEL 37 OT(05)/0(07) WING L.S. (1UGW05)
 
SYMBO. tAWT 2Y/B MACH PARAMETRIC VALUES 
0 .900 .950 7.000 ALPHA .000 BETA .000 
I 


















Lu -.- .- 2. 6. .
 
~CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
 




OH12 + IH21 MODEL 37 OTC05)/0(07) WING L.S. (IUGWOS) 
SYMeflL HAV/HT 2y/B MACH PARAMETRIC VALUES 
S .900 .250 7.610 ALPHA .000 BETA .000 
I 




















.... .... .. . .. .. ........... 
-. 2 
/O 
0 .2 .4 .6 .8 1.0 1.2 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 
1.4 




OR12 + IH21 MODEL 37 OTC05)/0(07) WING L.S. CIUGW05)
 
SYMML HAV/HT 2Y/9 MACH PARAMETRIC VALUES 
0 .900 .400 7.610 ALPHA .000 BETA .000 
10 0 .0 .. T ' " ' 1. .. . .. '!L ... . . i . '" t ... ... ... .... I...........
 








-Cz 10.0 : , , 







z FI . U, f. UW I t I~i Wim i mi,, /niniJW .4 4 at . n ~ n n t ntn ,L 
J~iLLi. 
0 CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORO. X/C
 






0H12 + IH21 MODEL 37 
4AV/HT 2Y/B MACH 
.9Sf0 .500 7.610 
OTC05/0(07) WING L.S. CIUGW05) 
PARAMETRIC VALUES 
ALPHA .000 BETA .000 
100 ,0 . .... 















S-.4 -.2 2 .4 .6 .8-. 0-. 1.2 4
 
~CHOROWISE LOCATION AS A FRACTION OF LOCAL CPO RD. X/C
 




0H12 + IH21 MODEL 37 OT(05)/O(07) WING L.S. CIUGW05
 
SYMBOL HAV/HT 2Y/B MACH PARAMETRIC VALUES
 
0 .900 .600 7.GIO ALPHA .000 BETA .000 
a::10 0 ,0 ....... .. . .......... '""... . . . . . . . .. . . . . .. . .. . . .. ...
 
2I 







I-z 1.0" ~ 
. . ... .. . 
".4 - .2 0 .2 .4 .G .8 1.0 .2 1.4 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 






OH12 + IH21 MODEL 37 
HAW/HT 2Y/8 MACH 
.900 .750 7.610 
OT(05)/0(7) WING L.S. (IUGWO5J 
ALPHA 
PARAMETRIC VALUES 

















0 -. 4 -.2 0.2 .4 .6 .8 1.0 1.2 1.4 
0 CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 
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0H12 + IH21 MODEL 37 OT(053/OC07) WING L.S. (JUGWOS)
 
SYMBXL HAW/HT 2y/9 MACHA PARAMETRIC VALIES 
0 .900 .950 7.E10 ALPHA .000 ['ETA .000 
I0,
 


















0i . 2. 6. . . -. 
I-­
z 
o-.4 -.2 0 .2 .4 .6 .8 1.0 1.2 1.4
 
CHOROWISE LOCATION AS'A FRACTION OF LOCAL CHORD, X/C
 
FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA 0 
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OH 12 + IH21 MODEL 37 OTCO5)/O(07) WING L.S. (IUGWO5) 
SYMBOL HAW/T 2YIB MACH PARAMETRIC VALUES 




























i. ' Lit' ±t]' tI .I ....Ii... ... i ii w.. *ia ,a.Lt .i.•1 = =w u' a at'o-.4 -.2 0,2 .4 .6 .8 1.0 1.2 1.4 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C 




0H12 + IH21 MODEL 37 OT(05)/O(07) WING L.S. CIUGdO5)
 
SYMBOL HAY/MT 2Y/9 MACH PARAMETRIC VALUES 
0 '9o .400 18.300 ALPHA .000 BETA .000 
I 
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~CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C
 







0H12 + IH21 MODEL 37 
HAW/IT 2Y/B MACH 
.900 .500 18.300 
OT(05)/O(07) WING L.S. (1UGW05) 
PARAMETRIC VALUES 
ALPHA .Ol BETA .000 
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CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C 
1.4 




OH12 + IH21 MODEL 37 OTC05)/0C07) WING L.S. (IUGWO5)
 
SYMBO. HAW/HT 2Y/9 MACH PARAMETRIC VALUES 
0 .900 .600 18.300 ALPHA .000 BETA .000 
IN 
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'o CHOROWISE LOCATION P.$ A FRACTION OF LOCAL CHORD. X/C 






















OH12 + IH21 MODEL 37 0TC05)/0C07J WING L.S. (IUGW05) 
SY,,m, HAV/HT 2Y/B MAC" PAPAMETRIC VALES 
0 .900 .750 18.300 ALPHA .000 BETA .000 
LdL
 













-. 4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C 
FIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA 0
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OH12 + IH21 MODEL 37 OTC05)/O(07J WING L.S. (IUGW05) 
SvMBL HAW/HT 2Y/B MACH PARA1ETRIC VALUES
 
0 .900 .950 i.300 ALPHA .000 BETA .000 
I 

















~CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
 




OH12 + IH21 MODEL 37 0TC05)/0(07) WING u.S. (IUGW05)
 
SYMBOL RAW/H 2Y/B MACH PARAMETRIC VALUES
 
0 .900 .250 19.180 ALPHA .000 BETA ,OO
 
I 
1 0 0 .O r ,r . . .r ,-. .. . ..r ..... .. ....... ....... ...... ... .........
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CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C 




0H12 + IH21 .MODEL 37 OT(05)/0C07) WING L.S. (IUGWO5)
 
SYMWO HAV/NT 2Y/8 MACH PARAMETRIC VALUES 
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0-.4 -. 2 0 .2 .4 .6 .6 1.0 1.2 1.4 
o CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C
 




0H12 + IH21 MODEL 37 OTC05)/O(07J WING L.S. ('IUGWO5) 
SYMBOL HAW/HT ZY/B NACH PARAMETRIC VALUES 
0 .900 .50 19.190 AL"A .000 BETA .000 
DS 
3: 













o-.4 -. 2 0,2 .4 .G .8 1.0 1.2 1.4 
oCHORDWISE LOCATION AS A F RACTION OF LOCAL CHORD. X/C 
SFIG. 9 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER. ALPHA =.0
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0H12 + IH21 MODEL 37 OTCO5)/0C07) WING L.S. (IUGW05) 
SmYMOL HAWfHT 2Yf9 MACH PARAMETRIC VALUES 
0 900 .800 19.180 ALPHA .0 BETA .000 
M 
XN 





















o 	 .4 -.2 0 .2 .4 .6 .8 1.0 1.2 1.4 
SFICHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 




0H12 + IH21 MODEL 37 01(05)/0(07) WING L.S. (IUGW05)
 
SYBOL HAW/HT 2Y/ MAC. PARAMETRIC VALUES 
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*.JA 11 MJL 13 W jj L W U U± 13L.± I ,*' 
C -.4 -.2 0---.-. '. 1. 12 .
 
LL 
-. 4 - .2 .4 .. 8 1. 1. 14 
FIG. CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C 
f- IG.9 EFFECT OF RECOVERY FACTOR ON iHE ORBITER WING HEAT TRANSFER ALPHA = 0 
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OH12 + IH21 MODEL 37 OTC05)/0(07) WING L.S. CIUGW05) 
SYMBOL HAW/T ZY/S MACH PARAMETRIC VALUES 














z I l f 
0: 
UL.4 -. 0 .42 .2 G6 18.0 1.2 1.4 
oCHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 
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PIG 10 EFEC OF REOEYFCO'NTEOBTRTI ETTASE LH 
.01-ii 7,.,iuA.lJLL: LJ..u,,,Lfiuf1UJ...........i..........i ii W ht AUL.0  i,,L,, IL Xi tliIL M A. ... 
.,72 78 .80 .84 .88 .92 .96 1.00 1.04
 
SPANWISE VERTICAL TAIL LOCATION AS A FRACTION OF EXPOSED SPAN. Z/BV
 




0H12/IH21 COAL HST 173-100) 37 0 VERTICAL CRUGV07)
 
SYMBOL HAW/HT GAGENO MACH PARAMETRIC VALUES 
o .mO 40.000 7.S14 ALPHA .000 BETA .000 
o .900 
o 1.000 








LiiLL A I Ic I 




- .------------------------------- ... -
SPANWISE VERTICAL TAIL LOCATION AS A FRACTION OF EXPOSED SPAN, Z/BV
 




0Hi2/IH21 (CAL HST 173-100) 37 0 VERTICAL CRUGV07) 
SytOL HAV/HT GAGE A'ACH PARAKETRIC VALUES 
0
ol .950 .900 40.000 16.0oO ALPHA .000 BETA .000 
o 1.000 
LL 
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Li 
.. . .. I.... L j 5I I .. ...
.72 .76 .80 .84 .88 .92 .96 1.00 1.04
SPANWISE VERTICAL TAIL LOCATION AS A FRACTION OF EXPOSED SPAN. Z/BV
 




OH12/IH21 (CAL HST 173-100) 37 0 VERTICAL CRUGV073
 
Sfy', X. 4Ad/HT GPG,to MACH PAkAMETRIC VALUES 


























I- PlEVRTCLTI LOPIO AS ', CINOFEPSDSPN /' 
m .72 .76 .80 .84 .88 .92 .96 1 .00 1 .04SPANWISE VERTICAL TAIL LOCAT'ION AS A FRACTION OF EXPOSED SPAN, Z/BV
 
















173-100) 37 0 VERTICAL CRUGV07) 
PARAMETRIC VALUES 
ALPHA .000 BETA .000 




















.001 . .. i ,.... 
.72 .76 .80 .84 .88 .92 .96 1.00 1.04
 
SPANWISE VERTICAL TAIL LOCATION AS A FRACTION OF EXPOSED SPAN. Z/EV
 
FIG. 10 EFFECT OF RECOVERY FACTOR ON THE ORBITER TAIL HEAT TRANSFER ALPHA = 0 
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OHI12/1IH21 (CAL HST 173-!00) 37 0 T VERTICAL CRUGV05)
 
SYMOI. HAW/HT GAGENO MACH PARAMETRIC VALUES 
o .850 40.000 6.999 ALPHA .000 BETA .000 
o .900 
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C 
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SPANWISE VERTICAL TAIL LOCATION AS A FRACTION OF EXPOSED SPAN. Z/EV
 






OH12/IH21 (CAL HST 
SYhSCL HAt/HT GAGENO PlALM 
0 .650 40.000 7.616 
u .200 
o 1.000 
:1 I .000 ............. 
[73-100) 37 0 T VERTICAL CRUGV05) 
PARAMETRIC VALUES 





















O.72 	 .76 .80 .84' .88 .92 .96 11.00 1.04 
SPANWISE VERTICAL TAIL LOCATION AS A FRACTION OF EXPOSED SPAN, Z/BY 
FIG. 10 EFFECT OF RECOVERY FACTOR ON THE ORBITER TAIL HEAT TRANSFEIR ALPHA =0
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OH12/IH21 (CAL HST 173-100) 37 0 T VERTICAL (RUGV05)
 
SYMSO HAW/HT GAGENO MACH PARAMETRIC VALUES 















.001 ..... ..... ...
..... I .. I.. 

•.72 .76 .80 .34 .88 .92 .96 1.00 1.04 
SPANWISE VERTICAL TAIL LOCATION AS A FRACTION OF EXPOSED SPAN. Z/BV 







SYMBOL RAW/HT GAGE14O 
0 .850 40.00 
ol .900 
0 1.000 
1.000 . . 
CCAL HST 173-100) 
MACH 
19.200 
37 0 T VERTICAL CRUGVO5) 
PAPAMETR|C VALUES 















.72 .76 .80 .84 .88 .92 .96 1.00 1.04 
SPANWISE VERTICAL TAIL LOCATION AS A FRACTION OF EXPOSED SPAN, 2/By





0H12 4 IH21 MODEL 37 OT(05)/0(07) VERTICAL CIUGV05)
 
SYMBOL HAW/HY GAGEO MACH PARAMETRIC VALUES
 
0 .00 40.000 7.000 ALPHA .000 BETA .000 
100 .0 .... ........ ........ . . ..: .. " T ' .. ... ....
 ... ..  : . .. .. .. ... 
















0 .720 .7,8 8 .8 .9 96 100 10 









 72 .7 .0 .4 . .9 96 100 10 
SPNIEVRICLTI OATO SAFACINO XOSDSA.Z8







OH12 + 1H21 MODEL 37 OT05)/O(07) VERTICAL CIUGVO5) 
SYMBOL HAW/HT GAGENO fAC" PARAMEIRIC VALUES 
C .900 40.C00 7.610 ALPHA .000 BETA 











0 .72 .76 .80 .84 .88 .92 .9G 1.00 1 .04 
SPANWISE VERTICAL TAIL LOCATION AS A FRACTION OF EXPOSED SPAN. Z/BV 




OH12 + IH21 MODEL 37 
HAW/HT GAGENO MACH 
.900 40.000 18.300 
0TC05)/0(07) VERTICAL CIUGV05) 
PARAMETRIC VALUES 
















.7 7 8 81.00 8 9 9 1-.04-
SPANWISE VERTICAL TAIL LOCATION AS A FRACTION OF EXPOSED SPAN. ZI8V
 




OH12 + IH21 MODEL 37 OT(05)l0(07) VERTICAL (IUGVO5) 
SYMBOI HAV/HT GAGE43 MACN PARAETRIC VALUES 
0 .So 40.00a 19.190 ALPHA .000 BETA .000 


























.... .... ..............  
0 .72 .78 .80 .84 .88 .92 .9G 1.00 1.04 
SPANWISE VERTICAL TAIL LOCATION AS A FRACTION OF EXPOSED SPAN. Z/SV 
~ FIG. 10 EFFECT OF RECOVERY FACTOR ON THE ORBITER TAIL HEAT TRANSFER ALPHA = 
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OH12/IH21 (CAL HST 173-100) 37 0 FUSELAGE (RUGBOS) 






.000 19.IO ALPHA 5.000 BETA .000 
LLLd 
11.000 l 1 1 1 1 1 1 "1 "r 
- II- -- -
LI.w -to-C 
U) 










,--.4 -. 2 0 .2 .4 .G .8 1 0 1 .2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, '.X/L 









OH2/1H21 (CAL HIST 
HAW/HI PHI MACHz.oo L.a 
0 .850 253.000 19.180ALH 
.900 
1.00 




37 0 FUSELAGE (RUGB08) 
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LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, XIL




OH12/IH21 (CAL HST 173-100) 37 0 FUSELAGE CRUGBOS)
 
SYMBOL HAA/.T PHI MACH PARAMETRIC VLUES
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LONGIUINA LOAINAIRCIN FBD EGH /
 













(CAL HST 173-i00) 
MACH 
19.180 
37 0 FUSELAGE (RUGB08) 
PARAMETRIC VALUES 
ALPHA 5.000 BETA .000 
U. 
LLu 








Ut. ' - t 
LL .010.001 1 1 1 I :f 
-0 
0 . . 2 ------. . . .1 01. . ,d ... 

XILI
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, 





OH12/IH21 (CAL HST 173-100) 37 0 T FUSELAGE CRUGBOG) 
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LONGITUDINAL LOCATION AS A FRACTION OF BO L X/L
 




OH12/IH21 [CAL HST 173-100) 37 0 T FUSELAGE CRUGBOG)
 
SYMBOL HAV/HT PHI MACH PARAMETRIC VALUES
 
ALPHA 5.000 BETA .000
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.2010.-,4 e , 12. 
.00. 
LONGITUD[NAL LOCATION AS A FRACT13N OF BO0 LENIGTH, X/L
 




0H12/1H21 ECAL HST 173-100) 37 0 T FUSELAGE (RUGBOG) 
SYMBOL HAY/HT PHi MACH PARAMETRIC VALUES 
00 .80.900 30.000 19.220 ALPHA 
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LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 

















::TI .0 0 0 .. . . . . 
(CAL HST 173-00) 37 0 T FUSELAGE (RUGBO6)
 
MACH PARAMETRIC VALUES 
19.220 ALPHA 5.000 BETA .000 
.' T "I.......
.... .. . . .. .  . . . . .............. .. . .. . . . . . . . .
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LONGITUDtNAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 




OH12 + IH21 MODEL 37 OTCO6)/OCO8) FUSELAGE CIUGBO6)
 
SYMBOL HAY/NT PHI MACH 	 PARAMETRIC VALUES 
0 .900 .00 1S.I7O 	 ALPHA 5.000 BETA .000 
IX
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...... 
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S.4 	 - -.2 .2 .4 6 8 . 1.2 1.4 
oLONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 




OH12 + IH21 MODEL 37 OT(06)/0(08) FUSELAGE (IUGBO6)
 
SYMBOL HAV,/T PHI MACH PARAMETRIC VALUES 
0 .900 25.000 19.170 ALPHA 5.000 BETA .000
 



























S-.4 -.2 0 .2 .4 .6 .8 10 1 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 







0H12 + IH21 MODEL 37 
HAW/HT PHI MACH 
.900 30.000 19.170 
OT(06)/O(08) FUSELAGE CIUGBO6J 
ALPHA 
PARAMTRIC VALUES 
S.000 BETA .000 
N 
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o -. 4 .2 0 .2 .4 .6 .8 1.0 1.2. 1.4 
S ILONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 
FIG. 11 EFFECT OF RECOVERY FACTOR O THE ORBITER BODY HEAT TRANSFER ALPHA = 5 
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OH12 + IH21 MODEL 37 OT(06)/O(08) FUSELAGE (IUGBOG) 
SYMSOt HAW/HT PHI MACH PARAMETRIC VALUES 
0 .900 180.00 19.170 ALPHA 5.000 BETA .000 
DI 
... ... .. ....... .....


































o -.4 -.2 0 .2 .4 .6 .8 1.0 1.2 1.4
 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 









CCAL HST 173-100) 
MACH 
19.180 
37 0 WING L.S.CRUGW08) 
PARAMETRIC VALUES 






1.00 0 ... .. ...... ....... .... 
I 











CHOROWISE LOCATION AS A FRACTION OR LOCAL CHORD. X/C




















































































OHI12/IH21 (CAL HST 173-100) 37 0 WING L.S.CRUGWO8)
 
SYMBOL HAV/HT 2Y/B MACH PARAMETRIC VALUES 




1.0 00 ' " .... ...... ... . ..... ........... . ..... .... .......
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CHOROWISE LOCATION AS A FRACTION Or LOCAL CHORD. X/C 













(CAL HST 173-00) 
MACH 
19.180 
27 0 WING L.S.(RUGWCB) 
PARAMETRIC VALUES 
ALPHA 5.000 8ETA .000 
(X 
I 
X 1 0 0 . 
'­













4 1 . 
I 
Li -
-. -.- 2G. . . 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
 





SYMBOL HAW/HT 2Y/B 

















(CAL HST 173-100) 37 0 WING L.S.(RUGWO8) 
MACH PARAMETRIC VALUES 
19.180 ALPHA 5.000 BETA .000 
< 
1 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C
 









OHI12/1H21 CCAL HST 
HAV/HT 2y/B MACH 
.850 .950 19.180 
.900 
o 1.000 
1 . 0 ... 
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-. 4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 




-. OH12/IH21 (CAL HST 173-100) 37 0 T WING LS.CRUGWOG)
 
SYMBOL HAV/HT 2y/8 MAC PARAMETRIC VALUES 





............. ... .... .





















-.4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C
 




OH12/IH21 (CAL HST 
SYM9B HA/HT 2yIB MACH 




173-100), 37 0 T WING L.S.(RUGWO) 
ALPHA 
?lRIPETRIC VALUES 



















-.4 -. 0 .2 .4 .3 .8 1.0 1.2 1,4
 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C
 










OH12/IH21 (CAL HST 173-100) 37 0 T 
HAW/HT 2Y/R MACH 
.850 .500 19.220 
.900 
1.000 
.0 0 0 . .. ..... . . ... ... . . . .............. 
WING L.S.(RUGWOE) 
PARAMETRIC VALUES 
ALPHA 5.000 BETA 


















-4 -. 2 0 .2 .4 .6 .8 1.0 1 .2 1.4 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 





0H12/1H21 (CAL HST 173-100) 
SYKBoL HAW/HT 2Y/ 11ACH 
0 .850 .600 19.220 
o .900 
o 1.000 
1 .0 00 . ..... .. ... 




ALPHA 5.000 BETA 
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CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C





OH12/1H21 (CAL HST 173-100) 37 0 T WING L.S.(RUGWOS) 
SYMBOL HAV/HT 2Y/B MACH PARAMETRIC VALUES 






1 . 0 0 0 ..... . .. . .. . . ..................... ' .. ...............i  .i' i ..
 .................
























u -0.0 -.- 2.4 81. . . 
LJ 
.00-.4 -. 2 0 .2 .4 .6.8 1.0 1.2 1 .4 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C 
FIG. 12 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 5 
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OHI2/IH21 (CAL HST 173-100) 37 0 T WING L.S.CRUGWO6)
 
SYmBOL RAW/H1 2Y/8 MACH PARAMETRIC VALUES 




Ini I .000 1 fl.....f...ii.fl..r.............. 
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CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C







0H12 + IH21 MODEL 37 
HAV/HT 2Y/6 HACH 
.900 .250 19.170 
OTC0S)/O(08) WING L.S. CIUGWO6) 
PARAMETRIC VALUES 
ALPHA 5.000 BETA .000 
X 
























2 	 .2 4 .6 ..8 1.0 1.2 1.4 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 
S4 








0H12 + [H21 MODEL 37 
HAV/HT 2Y/8 MACH 
.900 .40 19:170 
OTCOS)/O(OS) WING L.S. (IUGWOG) 
ALPHA 
PARAMETRIC VALUES 
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CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 




OH12 + IH21 MODEL 37 OT(O6)/OCOE) WING L.S. (IUGWO6) 
SYMBOL HAW/HT 2Y/8 MACH PARAMTRIC VALUES 
0 .900 .500 19.170 ALPHA 5.000 BETA .000 
100.0.. ..T ]" . . .. ... ...".."... .. ..... .....
. . ....  .
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FIG 1.0 EFEC OF RECVER FATRO-H RITRWN HA RASE LH 
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o 	 CHOROWISE LOCATION AS A FRACTION OP LOCAL CHORD. X/C

FIG. 12 EFFECT OF RECOVERY FACTOR ON THE ORBITER WING HEAT TRANSFER ALPHA = 5 
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,O12 + IH21 MODEL 37 OTCO )/UIO08) WING L.S.. (JUGw 
PARAMETRIC VLUES 
Sytem HAVIHT 2Y/B MAC" 





















;P A 1 .4­
w VIP- -=- ...-- - 1-- 1-1-1-.
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... 2 .- 4 . il.. 2 l. 
TIION ,&P @F, L LqH .,/cC,o O.P,.oIoySE LLALQ e, fR6Tj,.Q Fg La, 
0; fFilG,. T& gREflORY fFP.C[TOR ON, TT,E LORPITITLEF.?. ttN ;f~f TT,[ANFEL &PM A 5­it2 LEFF {OF 
SYM3OL 
0 
0H12 + IH21 MODEL 37 
HAW/NT 2Y/6 MACP 
.900 .730 19.170 
CT(06)/O(08) WING L.S. CIUGWO6) 
ALPHA 
PARAMETRIC VALUES 
5.000 BETA .00a 
I 




















I­z " Lu 
o -. 4 -. 2 0 .2 .4 .6 '8 1.0 1.2 1.4 
F.CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 
FIG. 12 EFFECT OF RECOVERY FACTOR ON THE ORBITER WNG HEAT TRANSFER ALPHA = 5 
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0H12 + 1H21 MODEL 37 OTC06)/0(08) WING L.S. (IUGW06)
 
SYMBOL HAW/HT 2Y/B $ CH PARAMETRIC VALUES 
0 .900 .9S 19.170 ALPHA 5.000 BETA .000 
I 






















0 -. 4 -. 2 .2 .4 .6 .8 1.0 1.2 1.4 
o CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C
 




0H12/IH21 (CAL HST 173-100) 37 0 VERTICAL (RUGVOS)
 
SYMSOL WAV/HT GAGENO MACP PARAMETRIC VALUES 
o .B50 40.000 19.90 ALPHN 5.0CO BETA .000 
o .900 
o 1.000 














.72 ".76 .80 .84 .88 .92 .96 1.00 1.04 
SPANWISE VERTICAL TAIL LOCATION AS A FRACTION OF EXPOSED SPAN, Z/8Y
 




OH12/1H21 CCAL HST 173-100) 37 0 T VERTICAL (RUGVO6)
 
SYM80 MAW/My GAGENO MACH PARAMETRIC VALUES
 














.72 .76 .80 .84 .88 .92 .96 1.00 1,O4 
SPANWISE VERTICAL TAIL LOCATION AS A FRACTION OF EXPOSED SPAN. Z/8V 






0H12 + IH21 MODEL 37 
HAV/4T , GAGENO MACH 
.900 40.000 19.17c 
OT(OG)/0(08) VERTICAL CIUGVOG) 
PARAMETRIC VALUES 




10 0 . 0 . .. ..... 
SI 
....... . .. 
4 
. . . . . . . . . . . 
i 

















.71.08 8 .8 .2 .6 PAGE.0 310 










173-00) 37 0 T TANK (RUGTI4) 
PARAMETRIC VALUES 
ALPHA .000 BETA .000 
LL­w 

















.4 -.2 0 .2 .4 .6 .8 1.0 1 .2' 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 




OH12/IH21 (CAL HST 173-100) 37 0 T TANK (RUGT14)
 
SYMBOL HAYW/T PHI VACH PARAMETRIC VALUES
 

























o-.4 -.2 0 .2 .4 .6 . 1.0 12 .4
 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 




OH12/IH21 CCAL HST 173-100) 37 0 T TANK (RUGT14) 
SYMrS HAy/T PHI PACH PARAMETRIC VALUES 
o m85 199.= 15.700 ALPHA .000 BETA .000 
o .900 
o 
















.0 0 1 . .. .... .. . ........... ..:. .. ....... . ... .... . .. ... . ...... .. 
-. 4 -. 2 0 .2 .4 '.G .B 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 






OH12/IH21 (CAL HST 
SYKEOL $AV/pT PHI MACH 
0 .850 221.000 15.700 
o .900 
o 1.000 
1 .0 0 0 . .. ......... 




ALPHA .000 BETA 
























0:-.4 -. 2 0 .2 .4 .G .0 1 .0 1.2 
LO)NGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 





















0H12/IH21 (CAL HST 173-100) 37 0 T TANK CRUGTI4) 
HAY/HT PHI MACH PARAMETRIC VALUES 















.... .......... ......... ..........
.0 0 1 ... .. . ...... " ... ......... .........
 I- -.4 -.2 0 .2 .4 .6 1.0 1.2 1.4
 
LONGITUOINAL LOCATION AS A FRACTION OF BODY NT.X/L
 




OH12/IH21 (CAL HST 173-100) 37 t)T TANK CRUGTI4)
 
SYMBOL HPW/HT PHI MAC. PARAMETRIC VALUES
 




i .U U U ... ..Tm "' ,..T "',-r...... ........ I ...... ........ .. .. . 


















.0 0 1 ..... ...- .,,,... I 
-. 4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 








OH12/IH21 (CAL HST [73-100) 
HAV/HT PST MACH 
.250 270.00 15.700 
So 
1.00o 
37 0 T TANK CRUGTI4) 
PARAMETRIC VALUES 
ALPHA .000 BETA .000 
.n00 .......... .... 
z 










•00o1 ......... .. . . . L ;........ .. ... ........ .... . .. . ., 

. 4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L 




OH12/IH21 (CAL HST 173-100) 37 0 T TANK CRUGT14)
 
SYMBOL HAV/- , PH I MACI PARAMETRIC VALUES 
0 .850 315.000 15.700 kLPHA .000 BETA .000 
0 1 .000 
LL
uJ I 
1 .000 .. . .. . .. .... ... ' . .. . " 





- - -]-- -- - - ­
w~~ ---- -- -- -- -- ---- - - - - - - - - ­
.010-- . 




cr -. . 2. 81. 2 1. 
.4 -2 0 .2 .4 .6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 















































































01I2/IH21 (CAL. HST 
HAV/HT PHI H4CH 
.850 !80.Coo is.oo 
.900 
1.000 
173-100) 37 0 1 TANK CRUGT14) 
PARAMETRIC VALUES 
ALPHA .000 BETA .000 

































OH12/IH21 (CAL HST 173-100) 
HAW/HT PHI MACP 
.850 199.000 16.000 
.9100 
1.000 
37 0 T TANK (RUGT14) 
PARAMETRIC VALUES 
ALPHA .000 BETA .000 
U­












.... ... ....... 
-.4 .2-0 .2 .4 .6 . 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L 
,00 1 .... . .. .. .. ...  




OH12/IH21 (CAL HST 173-100) 37 0 T TANK (RUGT14)
 
SYrBOL 	 HAW/HT PHI MACH PARAMETRIC VALUES 








zL .. 00I. 
u.<U	 LLC
i 
I­z-------------------------_-	 - - ------- - - -- - - ­uq
Z 




-. 001 ...........II. 	 ... .. ..........
 
(z-.4 -. 2 0.2 .4 	 I 16I.0 1 .2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF B400 LENGTH, X/L
 




0H12/IH21 (CAL HST 173-100) 37 0 T TANK (RUGTI4) 
SYMSOL NAW/HT "1 MACH PARAMETRIC VALUES 














LL.0 10 ........ ,.,.,... 
-. 4 -. 2 0 .2 .4 .6 .8 I.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, XIL 




0H12/IH21 CCAL HST 173-100) 37 0 T TANK (RUGT14) 
SYMSBL HAW/HT PHI MACH PARAMETRIC VALUES 































1 LONGITUDINAL LOCAT[ON AS A FRACTION OF BODY LENGTH. X/L
 




OH12/IH21 (CAL HST 173-100) 37 0 T TANK CRUGT14J
 
SYMBt HAW/HT PHI MACH PARAMETRIC VALUES
 



























*-.2 c - 4 -. 2 0.2 .4.6 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 




OH12/IH21 (CAL HST 173-100) 37 0 T TANK (RUGTI4)
 
SYMBOL HAy/HT PH HACH PARAMETR, VALUES 
ALPHA .000 BETA .000





















-.4 -.2 0 .2 .4 .6 .8 1.0 1.2 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH, X/L
 
















.000 BETA .000 
w 














 4 -.2 0 .2 .4 .8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTIO OF BODY LENGTH, X/L 




0H12/8H121 (CAL HST 173-100) 37 0 T FUSELAGE 

SYm8m. odb/HT Pu1 



















wL .010- - - - - -­
0
 
.0 0 1 . ... . ........... 

~~-.4 -. 2 0 .2 .4 

.2 A_LONGITUDINAL LOCATION AS A FRACTIO 







ALP"A .000 BETA .000
 
.... .... 
10 12 4 
1.0LENGTH, X/L 1.2 1 .4 





SYmO XAW/HT PH! 


























173-100) 37 0 T FUSELAGE (RUGB14) 
PARAMETRIC VALUES 





Il l l 
ce-.4 -. 2 0 .2 .4 .6 B8 1.0 1.2 1.4 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 




- - - - - -
0H12/IH21 (CAL HST 173-100) 37 0 T FUSELAGE (RUG814)
 
SYTm3 -AW/HT PHI MACH PARAMETRIC VALUES 
0 .8s0 190.000 I .050 ALPHA .000 BETA .X 
5] .900 
O 1.000 
3 'Q 1.000 'r ' 




E r w S .100 i rynt 
Cc 
c 





. .. . . ... ,,,, . . .. - I.....O 1 .. . ... . .. ... ...I, I ..
-.4 -.2 .2 .... r.... I...I..0 .4 
 .6 .8 1.0 1.2 1.4
 
LONGITUDINAL LOCATION AS A FRACTION OF BODY LENGTH. X/L
 










CCAL HST- 173-100) 
FPCH 
IS.050 
37 0 T WIG L.S.(RUGWI4) 
PARAMETRIC VALUES 
ALPHA Leo0 BETA .000 














'- 0 0 .. .. .. ... .. ... ... ....... ...... . .. ...... . .... .... .. .. . .. ....
 . .  .  . ....... 
,,- .4 - .2 0 .2 .4 .6 .8 1.0 1 .2 1 .4 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 




OH12/1H2! (CAL HST 173-100) 37 0 T WING L.S.(RUGW14) 
Syomt .w?"tr 2Y/B VCH PARAMIETRIC YALUES 
0 










wr -. -. 2 2. 6. 
-. 
o TV 
<-,4 -.2 0 .2 .4 .6 .8 1.0 1.2 1.4 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 












OH12/IH21 (CAL HST 173-100) 
HAW/ T 2Y/B MACH 
.850 .500 I1.050 
1.000 
I .0O[. n " ... .. ,"[l.... 
I -- 1 
--­ tI 




ALPHA .000 BETA 













Li. IJM  I-'ii* a' W1 
< .. '001 
-.4 -. 2 0 .2 .4 .6 .8 1.0 1.2 1.4 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 




OH12/IH21 (CAL HST 173-100) 37 0 T WING L.S.(RUGWI4)
 
StNBOL IAV/4T 2Y/B MACH 	 PARAMETRIC VALUES 




I, Iz1O O . .... .. . ....... .. .... ... . ... ...... 






















- .2 0 2 .4 .6 .6 1 .0 1 .2 
.....IU L 
1 .4 
CHOROWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 




OH12/IH21 (CAL HST 173-100) 37 0 T WING L.S.CRUGWJ4) 









Z I , 
E) 







ri I -.4 .2 .2 .4 . .8 1.0 1.2 1.4 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD, X/C 




OH12/IH21 (CAL HST 173-100) 37 0 T WING L.b.LUbWl4J 
SYMBOL AW/HP 2Y/B HACH PARAETRIC VALUES 
0 .50 .950 IG.05O ALPHA .GO BETA .000 
o .900 
w 
1.000 ........ .  I... 
- ------------­ [[ 
Ii. 
-- -- - -- --
-- - -- --
- -- -
u 






















-.4 -.2 .0 .2 .4 ,8 .8 1.0 1.2 1.4
 
CHORDWISE LOCATION AS A FRACTION OF LOCAL CHORD. X/C
 




OH12/IH21 (CAL HSI 173-100) 37 0 T VERTICAL CRUGVI4) 
SYP+9O2 HAW/MT GAGENO rAC4 PARAMETRIC VALUS 
0 .650 40.00 16.050 ALPHA .000 BcTA .o 
0 '9,o. 
o 1.000 











.001 ... ... ................... .. ...... .............. .. ..... .......... ... .... ..
 
.72 .76 .80 .94 .88 .92 .96 1.00 1.04
 
SPANWISE VERTICAL TAIL LOCATION AS A FRACTION OF EXPOSED SPAN, Z/BV
 
FIG. 17 EFFECT OF RECOVERY FACTOR (INTHE ORBITER TAIL HEAT TRANSFER ALPHA = 0
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